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©  Partial  line  turnaround  device  for  printers. 

A  printer  is  provided  with  a  partial  line  turnaround  device. 
The  printer  has  means  (234,235)  to  move  a  form  or  document 
past  a  print  line,  and  a  print  assembly  (35)  incorporating  a 
plurality  of  print  wires  arranged  in  print  head  groups,  each 
group  comprising  a  predetermined  number  of  print  wires. If, 
as  an  example, the  print  assembly  has  two, four,  six,  or  eight 
print  heads,  each  can  accommodate  eight  wires  in  the  embod- 
iment  described  The  print  wires  are  arranged  in  a  slanted 
serrated  pattern  and  provision  is  made  herein  to  insure  that 
the  print  heads  move  at  least  far  enough  to  print  their 
assigned  character locations  prior to  the  performance  of  any 
turnaround  in  individual  lines  being  printed.  Tables  are  acces- 
sed  in  conjunction  with  a  microprocessor  (210),  the  tables 
indicating  the  optimum  turnaround  situations  for  the  different 
print  head  configurations  An  emitter  (236)  is  provided  in  the 
printer unit which  has  character  emitters,  margin  emitters  and 
other  emitters  as  well  as  turnaround  emitters  that  are  used  in 
conjunction  with  the  turnaround  decision  making  process  to 
everse  direction  of the  print  head  assembly  in  order to  start 
printing  of  a  new  line. 





T e c h n i c a l   f i e l d   to   w h i c h   t he   i n v e n t i o n  
r e l a t e s  

T h i s   i n v e n t i o n   r e l a t e s   to  p a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   f o r  

p r i n t e r s   and  p a r t i c u l a r l y   f o r   p r i n t e r s   t h a t   o p e r a t e   a t  

r e l a t i v e l y   h i g h   s p e e d s   in  r e s p o n s e   to  d a t a   s i g n a l s   f rom  a  
d a t a   s o u r c e ,   s u c h   as  a  h o s t   d a t a   p r o c e s s i n g   s y s t e m .   M o r e  

p a r t i c u l a r l y ,   t h e   i n v e n t i o n   r e l a t e s   to  p r o v i s i o n   of  d e c i s i o n -  

m a k i n g   f a c i l i t i e s   in  t h e   p r i n t e r   s u b s y s t e m   to  i n c r e a s e  

p r i n t i n g   t h r o u g h p u t .  

R e l e v a n t   b a c k g r o u n d   a r t  

In  p r e v i o u s   p r i n t e r   s y s t e m s   or  s u b s y s t e m s   t h a t   r e c e i v e   d a t a  

f rom  a  h o s t   s y s t e m ,   p r i n t i n g   t h r o u g h p u t   has  been   i m p r o v e d   b y  

a n a l y z i n g   t h e   l i n e s   of  d a t a   as  t h e y   a r e   p r e s e n t e d   to  t h e  

p r i n t e r   to  d e t e r m i n e   t h e   r e l a t i v e   l i n e   l e n g t h s   and  l o c a t i o n s  

w i t h   r e s p e c t   to   one  a n o t h e r   w i t h   t he   o b j e c t i v e   of  p r i n t i n g  

t h e   l i n e s   in  t h e   f a s t e s t   m a n n e r   p o s s i b l e .   In  some  c a s e s ,  

p r i n t e r   u n i t s   a r e   p r o v i d e d   w i t h   a  b i d i r e c t i o n a l   p r i n t i n g  

c a p a b i l i t y   w h i c h   e n a b l e s   them  to  p r i n t   l i n e s   e i t h e r   f r o m  

l e f t   to  r i g h t   or   r i g h t   to  l e f t   on  a  form  or  d o c u m e n t   i n s e r -  

t e d   in  t h e   p r i n t e r .   In  such   a  p r i n t e r ,   t he   l o o k a h e a d   a n a l y s i s  

of  l i n e s   to  be  p r i n t e d   e n a b l e s   t he   p r i n t e r   to  move  t he   p r i n t  

h e a d   to  t h e   c l o s e s t   end  of  t h e   n e x t   s u c c e e d i n g   l i n e   of  p r i n t  

t h u s   s a v i n g   t i m e   d u r i n g   p r i n t i n g   o p e r a t i o n s .  

Such  a  b i - d i r e c t i o n a l   p r i n t i n g   o p e r a t i o n   w i t h   l i n e   l o o k a h e a d  

i s   d e s c r i b e d   in  US-A  3 , 9 6 4 , 9 9 4   (E.G.  B r o o k s   e t   a l )   p u b l i s h e d  

J a n u a r y   2,  1973.   T h i s   IBM  p a t e n t   d e s c r i b e s   a  s e r i a l   p r i n t e r  

h a v i n g   a  p r i n t   e l e m e n t   c a p a b l e   of  p r i n t i n g   in  b o t h   d i r e c t -  

i o n s   a c r o s s   a  p r i n t   f o r m .   A  s u c c e e d i n g   l i n e   of  p r i n t   on  t h e  

form  is   p r e - a n a l y z e d   to  d e t e r m i n e   t h e   end  p o s i t i o n   of  t h i s  

l i n e   of  p r i n t .   The  p r i n t   e l e m e n t   is   moved  f rom  t he   l a s t  

p o s i t i o n   p r i n t e d   on  t h e   p r e c e d i n g   l i n e   to  t he   c l o s e r   e n d  



p o s i t i o n   of   t h e   s u c c e e d i n g   l i n e   so  t h a t   p r i n t i n g   of  t h e  

s u c c e e d i n g   l i n e   may  t a k e   p l a c e   b e g i n n i n g   f rom  s a i d   c l o s e r  

end  p r i n t   p o s i t i o n .  

A s s e s s m e n t   of   t h e   b a c k g r o u n d   a r t  

M o s t   of   t h e   p r i n t e r   u n i t s   h a v e   b e e n   b a s e d   on  c o n v e n t i o n a l  

w i r e   i m a g e s .   T h a t   i s ,   c o n s i d e r i n g   a  w i r e   m a t r i x   t y p e   o f  

p r i n t e r ,   t h e   d a t a   i s   p r e s e n t e d   to   t h e   p r i n t e r   and  i s   a c t u a l -  

l y   p r i n t e d   on  t h e   d o c u m e n t   in   a  s e q u e n c e   of   v e r t i c a l   c o l u m n s  

of   w i r e   d o t s   l a i d   down  by  a c t u a t i o n   of  p r i n t   w i r e s   in  t h e  

p r i n t e r .   When  n o n c o n v e n t i o n a l   p r i n t   w i r e   i m a g e s   a r e   u s e d ,  

t h e   w i r e   i m a g e s   in   t h e   p r i n t e r   u n i t   do  n o t   c o n f o r m   to  t h e  

c o n v e n t i o n a l   g e o m e t r i c s ,   and  i t   i s   n e c e s s a r y   to   c o n s i d e r  

many  a d d i t i o n a l   f a c t o r s   in   t h e   l o o k a h e a d   a n a l y s i s .  

D i s c l o s u r e   of   t h e   i n v e n t i o n  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d  

a  p r i n t e r   u n i t   i n c o r p o r a t e d   in   a  p r i n t e r   s u b s y s t e m   w h i c h  

r e c e i v e s   c h a r a c t e r   w i r e   i m a g e   i n f o r m a t i o n   f rom  a  h o s t   d a t a  

p r o c e s s i n g   s y s t e m .   The  p r i n t e r   u n i t   i s   p r o v i d e d   w i t h   a  

p l u r a l i t y   of   p r i n t   h e a d s ,   e a c h   h a v i n g   a  p r e d e t e r m i n e d   n u m b e r  

of   p r i n t   w i r e s .   In  a  t y p i c a l   e x a m p l e ,   t h e   p r i n t e r   u n i t   may  

h a v e   2,  4,  6,  or   8  p r i n t   h e a d s   e a c h   w i t h   8  i n d i v i d u a l   p r i n t  

w i r e s   and  p r i n t   w i r e   a c t u a t o r s .   The  p r i n t e r   u n i t   has   a  

f o r m s   f e e d   a s s e m b l y ,   a  r i b b o n   d r i v e   a s s e m b l y ,   and  a  p r i n t  

a s s e m b l y   m o u n t i n g   t h e   p r i n t   h e a d s   and  a r r a n g e d   to   d r i v e   t h e  

p r i n t   h e a d s   a l o n g   a  p r i n t   l i n e   of  a  d o c u m e n t   to   be  p r i n t e d .  

The  p r i n t   h e a d s   a r e   o r d i n a r i l y   p o s i t i o n e d   in  a  home  or  r a m p  

l o c a t i o n ,   and  when  p r i n t i n g   i s   r e q u i r e d ,   a r e   moved  t h r o u g h   a  

l e f t   m a r g i n   t o w a r d   a  r i g h t   m a r g i n   a r e a .   In  t h e   p r e f e r r e d  

e m b o d i m e n t   d e s c r i b e d   h e r e i n ,   t h e   p r i n t   w i r e s   in  e a c h   p r i n t  

h e a d   g r o u p   a r e   a r r a n g e d   in   a  s l a n t e d   s e r r a t e d   w i r e   i m a g e  

p a t t e r n   and  i t   i s   i m p o r t a n t   t h a t   e a c h   p r i n t   h e a d   m o v e  

c o m p l e t e l y   t h r o u g h   i t s   a s s i g n e d   p r i n t i n g   a r e a   a l o n g   t h e  

p r i n t   l i n e   b e f o r e   any  t u r n a r o u n d   a c t i o n   i s   p e r f o r m e d   in  t h e  

p r i n t e r .   E a c h   h e a d   i s   a s s i g n e d   t h e   t a s k   of  p r i n t i n g   a  g i v e n  



q u a n t i t y   of  c h a r a c t e r s   d e p e n d i n g   upon  how  many  p r i n t   h e a d s  

a r e   in  t h e   p r i n t e r   u n i t .   I f   t h e   number   of  c h a r a c t e r s   to  b e  

p r i n t e d   in  any  l i n e   i s   l e s s   t h a n   the   number   of  c h a r a c t e r s  

a s s i g n e d   to   t h e   f i r s t   ( l e f t m o s t )   p r i n t   h e a d ,   o n l y   t he   p r i n t  
w i r e s   in   t h a t   p r i n t   h e a d   a r e   a c t i v a t e d   and  t u r n a r o u n d   may  
o c c u r   a t   any  e a r l i e r   p o i n t .   I f   t h e   number   of  c h a r a c t e r s   t o  

be  p r i n t e d   e x c e e d s   t h o s e   f o r   t h e   f i r s t   p r i n t   h e a d   b u t   i s  

l e s s   t h a n   or  e q u a l   to  a  n o m i n a l   l i n e   l e n g t h ,   t h e n   a l l   p r i n t  
h e a d s   may  be  a c t i v a t e d   on  a  s e l e c t i v e   b a s i s   and  a  n o m i n a l  

l i n e   t u r n a r o u n d   o c c u r s .   I f   t h e   number   of  c h a r a c t e r s   to  b e  

p r i n t e d   e x t e n d s   b e y o n d   the   n o m i n a l   l i n e   l e n g t h   f o r   a l l   p r i n t  

h e a d s ,   t h e n   t h e   l a s t   ( r i g h t m o s t )   p r i n t   head   p r i n t s   i t s  

a s s i g n e d   c h a r a c t e r s   p l u s   a l l   c h a r a c t e r s   e x t e n d i n g   b e y o n d   t h e  

n o m i n a l   l i n e   l e n g t h ,   and  t u r n a r o u n d   w i l l   o c c u r   l a t e r   t h a n  

n o m i n a l   t u r n a r o u n d .   The  p r i n t e r   u n i t   i n c l u d e s   t u r n a r o u n d  

i n p u t   m e a n s ,   m a r g i n   m e a n s ,   and  t u r n a r o u n d   c o n t r o l   m e a n s ,   a l l  

c o o p e r a t i n g   to   a c c o m p l i s h   t h e s e   o b j e c t i v e s .   The  p r i n t e r  

s u b s y s t e m   i n c o r p o r a t e s   m i c r o p r o c e s s o r s   f o r   c o m m u n i c a t i o n s  

and  c o n t r o l   f u n c t i o n s   and  s t o r a g e   f a c i l i t i e s .   The  s t o r a g e  

f a c i l i t i e s ,   b e s i d e s   s t o r i n g   s i g n i f i c a n t   c o n t r o l   and  d a t a  

i n f o r m a t i o n ,   a l s o   a r e   p r o v i d e d   w i t h   t a b l e s   w h i c h   r e p r e s e n t  

t he   v a r i o u s   p r i n t   h e a d   c o n f i g u r a t i o n s   and  w h i c h   a r e   a c c e s s e d  

d u r i n g   p r i n t i n g   o p e r a t i o n s   to  d e t e r m i n e   t he   o p t i m u m   t u r n -  

a r o u n d   p o i n t s   t h a t   a r e   a v a i l a b l e .   In  c o n j u n c t i o n   w i t h   t h e  

p r i n t e r   u n i t ,   a  p r i n t   e m i t t e r   is   p r o v i d e d   t h a t   is   s c a n n e d  

d u r i n g   m o v e m e n t   of  t h e   p r i n t   h e a d s .   The  p r i n t   e m i t t e r   has  a n  

a d d i t i o n a l   t r a c k   r e f e r r e d   to  as  a  t u r n a r o u n d   t r a c k   w h i c h   i s  

r e f e r e n c e d   upon  c o m p l e t i o n   of  p r i n t i n g   and  w h i c h   i s   u t i l i z e d  

to  i n s u r e   a  more  a c c u r a t e   and  e f f e c t i v e   t u r n a r o u n d   o p e r a t i o n .  

A d v a n t a g e o u s   e f f e c t s   of  t h e   i n v e n t i o n  

The  p a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   a c c o r d i n g   to  t he   i n v e n -  

t i o n   i s   a  s o l u t i o n   to   t he   c o m p l e x   p r o b l e m   of  b i - d i r e c t i o n a l  

p r i n t i n g   w i t h   p a r t i a l   l i n e   t u r n a r o u n d   ( e i t h e r   r i g h t   or  l e f t )  

u t i l i z i n g   m u l t i p l e   p r i n t i n g   h e a d s .  



I t   p r o v i d e s   g r e a t e r   t h r o u g h p u t   and  f u r t h e r   an  a c c o m m o d a t e  

d i f f e r e n t   c h a r a c t e r   d e n s i t i e s   more   e f f i c i e n t l y .  

I t   r e q u i r e s   o n l y   a  s i n g l e   e m i t t e r   to  p r o v i d e   s i g n a l s   i n d i -  

c a t i o n   of   t h e   p o s i t i o n a l   l o c a t i o n   of  t h e   p r i n t i n g   h e a d s   a n d  

f o r   d e f i n i n g   s u c c e s s i v e   s t o p p i n g   and  t u r n a r o u n d   p o i n t s   in   a  

l i n e   of  p r i n t i n g   d u r i n g   p r i n t i n g   o p e r a t i o n s .  

D e s c r i p t i o n   of  one  way  of  c a r r y i n g   o u t   t h e  
i n v e n t i o n   by  r e f e r e n c e   to   t h e   d r a w i n g s  

For   a  b e t t e r   u n d e r s t a n d i n g   of   t h e   p r e s e n t   i n v e n t i o n ,   t o g e -  

t h e r   w i t h   o t h e r   and  f u r h e r   a d v a n t a g e s   and  f e a t u r e s   t h e r e o f ,  

r e f e r e n c e   i s   made  to   t h e   d e s c r i p t i o n   t a k e n   in  c o n n e c t i o n  

w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s   w h i c h   i l l u s t r a t e   one  s p e c i f i c  

e m b o d i m e n t .  

B r i e f   d e s c r i p t i o n   of  t h e   d r a w i n g s  

F i g .   1  i s   a  s i m p l i f i e d   s y s t e m   d i a g r a m   f o r   t h e   p r i n t e r   s u b -  

s y s t e m .  

F i g .   2  i l l u s t r a t e s   t h e   p r i n t e r   c o n s o l e   and  a  n u m b e r   o f  

p r i n t e r   c o m p o n e n t s   as  w e l l   as  f o r m s   f e e d i n g .  

F i g .   3  i s   a  f r o n t a l   v i ew   of  t h e   p r i n t e r   u n i t   in   t h e   p r i n t e r  

c o n s o l e   of  F i g .   2 .  

F i g .   4  i l l u s t r a t e s   an  o p e r a t o r   p a n e l   u s e f u l   w i t h   t h e   p r i n t e r  

of   F i g s .   1  and  2 .  

F i g .   5  shows   a  mode  s w i t c h   f o r   c o n t r o l   of   o n - l i n e ,   o f f -  

l i n e   c o n d i t i o n s .  

F i g .   6  shows   a  g a t e   a s s e m b l y   w i t h   p r i n t e d   c i r c u i t   c a r d s .  

F i g .   7  i s   a  f r o n t a l   v i e w   of  t h e   p r i n t e r   c o n s o l e   of  F i g .   2 

w i t h   t h e   c o v e r   open   s h o w i n g   a  p r i n t   e m i t t e r .  



F i g .   8  i s   an  e x p l o d e d   v i e w   of  v a r i o u s   p r i n t e r   a s s e m b l i e s  

i n c l u d i n g   t h e   f o r m s   f e e d   a s s e m b l y ,   t h e   p r i n t   a s s e m b l y   a n d  

t he   r i b b o n   d r i v e   a s s e m b l y .  

F i g .   9  i s   a  c r o s s - s e c t i o n a l   v iew  a t   t he   p r i n t   l i n e   of  t h e  

p r i n t e r   of  F i g s .   2,  3,  and  8 .  

F i g .   10  i s   a  r i g h t   s i d e   e l e v a t i o n   of  v a r i o u s   p r i n t e r   a s s e m -  
b l i e s   shown  in  F i g .   8 .  

F i g .   11  i s   a  v i ew   of  a  r i b b o n   s h i e l d   h a v i n g   a  p r i n t   a p e r t u r e  

p o s i t i o n e d   in  a  h o r i z o n t a l   p l a n e .  

F i g .   12  i s   a  c r o s s - s e c t i o n a l   v iew  of  t he   r i b b o n   s h i e l d   o n  

t h e   l i n e s   1 2 - 1 2   in  F i g .   1 1 .  

F i g .   13  is   an  o v e r h e a d   v i ew  of  t he   p r i n t e r   s l i g h t l y   from  t h e  

r e a r   of  t h e   u n i t   s h o w i n g   the   fo rms   f e e d   o p e n .  

F i g .   14  i l l u s t r a t e s   a  p r i n t   w i r e   b l o c k   a s s e m b l y   and  a s s o -  

c i a t e d   g u i d e .  

F i g s .   15  and  16  i l l u s t r a t e   f r o n t   and  r e a r   f a c e s   of  t he   g u i d e  

shown  in  F i g .   1 4 .  

F i g s .   17 -19   i l l u s t r a t e   an  a l t e r n a t i v e   m o u n t i n g   of  p r i n t   w i r e  

a c t u a t o r s   w i t h   an  a n g l e d   f a c e   on  t he   b l o c k   a s s e m b l y .  

F i g s .   2 0 - 2 2   i l l u s t r a t e   m o u n t i n g   of  p r i n t   w i r e   a c t u a t o r s   w i t h  

a  f l a t   f a c e   on  the   a c t u a t o r   b l o c k   a s s e m b l y .  

F i g s .   23 -26   i l l u s t r a t e   a  p r i n t   w i r e   a c t u a t o r ,   a  p l u r a l i t y   o f  

w h i c h   a r e   m o u n t e d   in  t h e   b l o c k   a s s e m b l y   shown  in  F i g .   1 4 .  

F i g s .   27  and  28  i l l u s t r a t e   an  a l t e r n a t i v e   fo rms   f e e d   a s s e m -  

b l y   f o r   t he   p r i n t e r   u n i t .  



F i g .   29  i l l u s t r a t e s   t h e   a r r a n g e m e n t   of  p r i n t   w i r e s   in   g r o u p s  
r e l a t i v e   to   a  l e f t   m a r g i n   in  t h e   p r i n t e r   u n i t .  

F i g .   30  i l l u s t r a t e s   p r i n t i n g   of   c h a r a c t e r s   a t   10  c h a r a c t e r s  

p e r   i n c h   and  15  c h a r a c t e r s   p e r   i n c h .  

F i g s .   31  and   32  i l l u s t r a t e   t h e   p r i n t   e m i t t e r   and  i t s   o p e r a -  
t i n g   s c h e m e .  

F i g s .   33A  and  33B,  when  a r r a n g e d   as  shown  in   F i g .   34,  s h o w  

in   g r e a t e r   d e t a i l   t h e   r e l a t i o n s h i p   of   t h e   p r i n t   w i r e s   t o  

c h a r a c t e r   l o c a t i o n s   on  t h e   f o r m s   to   be  p r i n t e d .  

F i g .   35  i s   a  g e n e r a l i z e d   b l o c k   d i a g r a m   of   t h e   p r i n t e r  

c o n t r o l   u n i t   shown  in  F i g .   1 .  

F i g s .   36  and  37  f u r t h e r   i l l u s t r a t e   t h e   a r r a n g e m e n t   of  d o t s  

to   f o r m   c h a r a c t e r s   and  t h e   r e l a t i o n s h i p  o f   t h e   p r i n t   w i r e s  

to   t h e   v a r i o u s   c h a r a c t e r   l o c a t i o n s .  

F i g s .   3 8 - 4 0   i l l u s t r a t e   v a r i o u s   s y s t e m s   in   w h i c h   t h e   p r i n t e r  

s u b s y s t e m   may  be  c o n n e c t e d .  

F i g .   41  i l l u s t r a t e s   a  s t r e a m   of  i n f o r m a t i o n   b e t w e e n   t h e   h o s t  

s y s t e m   and  t h e   p r i n t e r   s u b s y s t e m .  

F i g .   42  i l l u s t r a t e s   s i g n i f i c a n c e   of  b i t s   in   t h e   f r a m e s  

d u r i n g   a  r e c e i v e   mode  when  i n f o r m a t i o n   i s   t r a n s f e r r e d   f r o m  

t h e   c o n t r o l l e r   to   t h e   p r i n t e r   s u b s y s t e m .  

F i g .   43  i l l u s t r a t e s   b i t   s i g n i f i c a n c e   f o r   t h e   f r a m e s   d u r i n g   a  

t r a n s m i t   mode  when  i n f o r m a t i o n   i s   t r a n s f e r r e d   f rom  t h e  

p r i n t e r   s u b s y s t e m   to   t h e   c o n t r o l l e r .  

F i g .   44  i l l u s t r a t e s   t h e   b i t   c o n f i g u r a t i o n s   f o r   p r i n t e r  

a d d r e s s i n g .  



F i g .   45  shows  command  and  d a t a   a r r a n g e m e n t s   in   t h e   i n f o r m a -  

t i o n   s t r e a m .  

F i g .   46  i s   a  c h a r t   i l l u s t r a t i n g   a  t y p i c a l   t r a n s f e r   of  d a t a  

to  be  p r i n t e d .  

F i g s .   47A  and  47B  i l l u s t r a t e   r e p r e s e n t a t i v e   o p e r a t i o n a l   a n d  

f o r m a t t i n g   c o m m a n d s .  

F i g s .   48  and  49  i l l u s t r a t e   f r a m e   l a y o u t   f o r   s t a t u s   r e p o r t s  
d u r i n g   a  P o l l   o p e r a t i o n .  

F i g .   50  i s   a  b l o c k   d i a g r a m   of  v a r i o u s   c i r c u i t   c o m p o n e n t s  
u s e d   in  t h e   p r i n t e r   s u b s y s t e m   of  F i g s .   1  and  2 .  

F i g s .   51A  and  51B,  when  a r r a n g e d   as  shown  in  F i g .   52,  c o m -  

p r i s e   a  b l o c k   d i a g r a m   of  t h e   p r i n t e r   c o n t r o l   u n i t   i n c l u d i n g  

a  C o m m u n i c a t i o n s   m i c r o p r o c e s s o r   (CMM)  and  a  C o n t r o l   m i c r o -  

p r o c e s s o r   (CTM)  as  w e l l   as  a  number   of  e l e m e n t s   in  t h e  

p r i n t e r   u n i t .  

F i g .   53  i l l u s t r a t e s   a  t y p i c a l   d a t a   t r a n s f e r   and  p r i n t i n g  

o p e r a t i o n   in  t h e   p r i n t e r   s u b s y s t e m .  

F i g .   54  i s   a  g e n e r a l i z e d   f l o w c h a r t   of  t he   o p e r a t i o n s   p e r f o r -  

med  by  t h e   C o m m u n i c a t i o n s   m i c r o p r o c e s s o r   (CMM)  shown  in  F i g .  

51A.  

F i g .   55  i s   a  g e n e r a l i z e d   f l o w c h a r t   of  t he   o p e r a t i o n s   p e r f o r m -  

ed  by  t h e   C o n t r o l   m i c r o p r o c e s s o r   (CTM)  shown  in  F i g .   5 1 B .  

F i g u r e   56  i l l u s t r a t e s   u t i l i z a t i o n   of  r e g i s t e r s   in  t h e  

C o n t r o l   m i c r o p r o c e s s o r .  

F i g s .   57 -60   i l l u s t r a t e   s e v e r a l   a c t u a t o r   b l o c k   c o n f i g u r a t i o n s  

f o r   2,  4,  6,  and  8  p r i n t   h e a d s .  



F i g .   61  i l l u s t r a t e s   a  p r i n t   e m i t t e r   f o r   a  p r i n t e r   h a v i n g   t w o  
p r i n t   h e a d   g r o u p s   w h i l e   f i g .   62  i l l u s t r a t e s   a  p r i n t   e m i t t e r  
f o r   a  p r i n t e r   u n i t   h a v i n g   two  p r i n t   h e a d   g r o u p s .  

F i g .   63  i l l u s t r a t e s   v a r i o u s   c o n d i t i o n s   t h a t   may  be  e n c o u n -  
t e r e d   d u r i n g   p a r t i a l   l i n e   t u r n a r o u n d .  

F i g .   64  i l l u s t r a t e s   v a r i o u s   t i m i n g   c o n d i t i o n s   when  t h e  

p r i n t e r   i s   m o v i n g   l e f t   f rom  a  t u r n a r o u n d   e m i t t e r   or   i s  

m o v i n g   l e f t   f r om  a  r i g h t   m a r g i n   e m i t t e r   a r e a .  

F i g .   6 5 - 6 8   i l l u s t r a t e   f l o w c h a r t s   f o r   A n a l y s i s   r o u t i n e s .  

F i g .   69  i s   a  f l o w c h a r t   r e p r e s e n t i n g   a  r i g h t   m a r g i n   r o u t i n e .  

F i g s .   70  and  71  a r e   f l o w c h a r t s   r e p r e s e n t i n g   h e a d   m o v i n g  

r i g h t   in  p r i n t   a r e a ,   p r i n t i n g   c o m p l e t e   ( e n t e r e d   a t   r e a l  

e m i t t e r : 1 0   CPI  c h a r a c t e r   c o u n t   e v e n ) .  

F i g .   72  f u r t h e r   i l l u s t r a t e s   t h e   r e l a t i o n s h i p   of  p r i n t   w i r e s  

and  p r i n t   l o c a t i o n s   on  a  d o c u m e n t   d u r i n g   s t a r t - u p   of   p r i n t -  

i n g .  

D e s c r i p t i o n   of  P r i n t e r   S u b s y s t e m   and  P r i n t e r  
M e c h a n i s m s  

In  o r d e r   to   b e s t   i l l u s t r a t e   t h e   u t i l i t y   of  t h e   p r e s e n t  

i n v e n t i o n ,   i t   i s   d e s c r i b e d   in  c o n j u n c t i o n   w i t h   a  h i g h   s p e e d  

m a t r i x   p r i n t e r ,   t y p i c a l l y   c a p a b l e   of  p r i n t i n g   in  a  h i g h  

r a n g e   of  l i n e s   p e r   m i n u t e   on  c o n t i n u o u s   f o r m s .   The  p a r t i -  

c u l a r   p r i n t e r   s u b s y s t e m   d e s c r i b e d   h e r e i n   i s   a s s o c i a t e d   w i t h  

a  h o s t   s y s t e m   or   p r o c e s s o r ,   r e s p o n d s   to   command  and  d a t a  

s i g n a l s   f rom  t h e   h o s t   to   p r i n t   on  t h e   f o r m s   and  in   t u r n  

p r o v i d e s   s t a t u s   s i g n a l s   to   t h e   h o s t   d u r i n g   o p e r a t i o n s .  

The  p r i n t e r   i t s e l f   i s   an  o u t p u t   l i n e   p r i n t e r   d e s i g n e d   t o  

s a t i s f y   a  v a r i e t y   of   p r i n t i n g   r e q u i r e m e n t s   in   d a t a   p r o c e s s i n g ,  



d a t a   c o l l e c t i o n ,   d a t a   e n t r y ,   and  c o m m u n i c a t i o n s   s y s t e m s .   I t  

can  be  u s e d   as  a  s y s t e m   p r i n t e r   or   a  r e m o t e   w o r k  s t a t i o n  

p r i n t e r .  

The  f o l l o w i n g   p r i n t e r   h i g h l i g h t s   a r e   of  i n t e r e s t :  

P r i n t   d e n s i t y   of   10  or  15  c h a r a c t e r s   p e r   i n c h   ( 2 5 , 4 =   mm) 

s e l e c t a b l e   by  t h e   o p e r a t o r   or  by  t h e   u s i n g   s y s t e m  

p r o g r a m ;  

C o n d e n s e d   p r i n t   mode,   15  c h a r a c t e r s   p e r   i n c h   s a v e s  

p a p e r   c o s t s   and  makes   r e p o r t   h a n d l i n g ,   m a i l i n g ,   r e p r o -  
d u c t i o n ,   and  s t o r a g e   e a s i e r ;  

L i n e   s p a c i n g   of  6,  or  8  l i n e s   pe r   i n c h   or  any  o t h e r  

l i n e   d e n s i t y   s e l e c t a b l e   by  t h e   o p e r a t o r   or  by  t he   u s i n g  

s y s t e m   p r o g r a m ;  

I n c r e m e n t a l   and  r e v e r s e   f o r m s   movemen t   s e l e c t a b l e   b y  

t h e   u s i n g   s y s t e m   p r o g r a m ;  

S i x t e e n   s e l f - c o n t a i n e d   c h a r a c t e r   s e t s   s e l e c t a b l e   by  t h e  

u s i n g   s y s t e m   p r o g r a m   w i t h   a  b a s e   l a n g u a g e   s e l e c t e d   b y  

h a r d w a r e   j u m p e r s .  

S p e c i a l   g r a p h i c s   a b i l i t y   ( s p e c i a l   c h a r a c t e r s ,  g r a p h s ,  

p l o t t i n g ,   e t c . )   s e l e c t a b l e   by  t h e   u s i n g   s y s t e m   p r o g r a m ;  

M a t r i x   p r i n t i n g   t e c h n o l o g y ;  

B u i l t - i n   d i a g n o s t i c s   f o r   p r o b l e m   d e t e r m i n a t i o n   by  t h e  

o p e r a t o r ;  

M i c r o p r o c e s s o r   c o n t r o l   u n i t ;  

Maximum  p r i n t   l i n e   w i d t h  -   3 3 0 , 2   mm. 



Maximum  p r i n t   p o s i t i o n s   f o r   10  c h a r a c t e r s   p e r   i n c h  -  
1 3 2 ;  

Maximum  p r i n t   p o s i t i o n s   f o r   15  c h a r a c t e r s   p e r   i n c h  -  

1 9 8 ;  

A d j u s t a b l e   f o r m s   w i d t h  -   7 6 , 2   to   450  mm; 

Maximum  f o r m s   l e n g t h  -   7 6 , 2   to  3 1 7 , 5   mm; 

F i g .   1  i l l u s t r a t e s   a  r e p r e s e n t a t i v e   s y s t e m   c o n f i g u r a t i o n  

i n c l u d i n g   a  h o s t   s y s t e m   1  and  t h e   p r i n t e r   s u b s y s t e m   2  w h i c h  

i n c l u d e s   a  p r i n t e r   c o n t r o l   u n i t   3  and  p r i n t e r   e l e c t r o n i c s   4 .  

Command  and  d a t a   s i g n a l s   a r e   p r o v i d e d   by  t h e   h o s t   s y s t e m   b y  

way  of   i n t e r f a c e   5,  and  command  and  c o n t r o l   s i g n a l s   a r e  

p r o v i d e d   f r o m   p r i n t e r   c o n t r o l   u n i t   3  to   t h e   p r i n t e r   e l e c -  

t r o n i c s   4  by  way  of   bus   6.  S t a t u s   s i g n a l s   a r e   s u p p l i e d   b y  

p r i n t e r   c o n t r o l   u n i t   3  to   h o s t   s y s t e m   1  by  way  of  i n t e r f a c e  

5.  T y p i c a l l y ,   t h e   h o s t   s y s t e m   1  g e n e r a t e s   i n f o r m a t i o n  

i n c l u d i n g   commands   and  d a t a   and  m o n i t o r s   s t a t u s .   P r i n t e r  

c o n t r o l   u n i t   3  r e c e i v e s   t h e   commands  and  d a t a ,   d e c o d e s   t h e  

c o m m a n d s ,   c h e c k s   f o r   e r r o r s   and  g e n e r a t e s   s t a t u s   i n f o r m a -  

t i o n ,   c o n t r o l s   p r i n t i n g   and  s p a c i n g ,   and  c o n t a i n s   p r i n t e r  

d i a g n o s t i c s .   P r i n t e r   e l e c t r o n i c s   4  e x e c u t e s   d e c o d e d   c o n t r o l  

u n i t   c o m m a n d s ,   m o n i t o r s   a l l   p r i n t e r   o p e r a t i o n s ,   a c t i v a t e s  

p r i n t   w i r e s ,   d r i v e s   m o t o r s ,   s e n s e s   p r i n t e r   e m i t t e r s ,   a n d  

c o n t r o l s   o p e r a t o r   p a n e l   l i g h t s   and  s w i t c h i n g   c i r c u i t r y .   I t  

c o n t r o l s   t h e   t r a c t o r / p l a t e n   m e c h a n i s m ,   t h e   r i b b o n   d r i v e ,   t h e  

p r i n t   h e a d   ( i . e . ,   a c t u a t o r   g r o u p )   c a r r i e r ,   t h e   o p e r a t o r  

p a n e l ,   and  t h e   p r i n t e r   s e n s o r s .  

The  e l e m e n t s   of   t h e   s y s t e m ,   s u c h   as  t h e   p r i n t e r   c o n t r o l   u n i t  

and  p r i n t e r   e l e c t r o n i c s ,   i n c o r p o r a t e   one  or   more  m i c r o p r o -  

c e s s o r s   or   m i c r o c o m p u t e r s   to   a n a l y z e   commands  and  d a t a   a n d  

to   c o n t r o l   o p e r a t i o n s .  

F i g s .   2  and  3  i l l u s t r a t e   v a r i o u s   c o m p o n e n t s   of  t h e   p r i n t e r  



a l l   of  w h i c h   a r e   h o u s e d   in  t h e   c o n s o l e   10.  V a r i o u s   a c c e s s  

p a n e l s   or  c o v e r s   s u c h   as  t h o s e   d e s i g n a t e d   11,  12,  and  13  a r e  

p r o v i d e d .   Top  c o v e r   11  has   a  w indow  14  t h a t   e n a b l e s   a n  

o p e r a t o r   to   o b s e r v e   f o r m s   m o v e m e n t   d u r i n g   o p e r a t i o n   of  t h e  

p r i n t e r   and  when  t h e   c o v e r   i s   c l o s e d .   Forms  ( d o c u m e n t s )   15  

a r e   p r o v i d e d   f rom  a  s t a c k   16  and  can  be  f ed   in  one  e m b o d i -  

m e n t   u p w a r d l y   or   d o w n w a r d l y   as  v i e w e d   in  F i g s .   2  and  3  b y  

means   of  a  f o r m s   f e e d   a s s e m b l y   20  w h i c h   i n c l u d e s   one  or  m o r e  
s e t s   of  f o r m s   t r a c t o r s   such   as  t h e   u p p e r   s e t   c o m p r i s i n g  
t r a c t o r s   90  and  91.  A  fo rms   g u i d e   28  g u i d e s   t h e   fo rms   a f t e r  

p r i n t i n g   to   a  t a k e u p   s t a c k ,   n o t   shown  b u t   p o s i t i o n e d   b e l o w  

t h e   p r i n t i n g   m e c h a n i s m   and  to  t he   r e a r   of  t he   p r i n t e r   c o n -  
s o l e .   The  p r i n t e r   i n c o r p o r a t e s   a  p r i n t   a s s e m b l y   30  t h a t   i s  

p o s i t i o n e d   g e n e r a l l y   in  a  h o r i z o n t a l   r e l a t i o n s h i p   w i t h  

r e s p e c t   to   f o r m s   15  a t   a  p r i n t   s t a t i o n   32.  P r i n t   a s s e m b l y  
30  i s   more  c l e a r l y   v i s i b l e   in  o t h e r   v i e w s .   T h i s   is  a l s o  

t r u e   of  t h e   p r i n t e r   r i b b o n   d r i v e   a s s e m b l y   40  w h i c h   is  l o c a -  

t e d   in   c l o s e r   p r o x i m i t y   to  t he   f r o n t   of  t h e   p r i n t e r .   P r i n t e r  

c o n t r o l   u n i t   3  and  i t s   a s s o c i a t e d   m i c r o p r o c e s s o r s   a re   g e n e -  

r a l l y   l o c a t e d   b e h i n d   t h e   s i d e   c o v e r   1 3 .  

As  b e s t   s e e n   in  F i g .   3,  a  r i b b o n   41  is   p r o v i d e d   on  one  o f  

t h e   s p o o l s   42  or   43,  w h i c h   a r e   d i s p o s a b l e .   Each  box  o f  

r i b b o n s   w o u l d   p r e f e r a b l y   c o n t a i n   a  d i s p o s a b l e   r i b b o n   s h i e l d  

46  t h a t   f i t s   b e t w e e n   p r i n t   a s s e m b l y   30  and  f o r m s   15  to  k e e p  

r i b b o n   41  in  p r o p e r   a l i g n m e n t   and  to  m i n i m i z e   h o l d   i n k  

s m u d g i n g   on  f o r m s   15.  Two  m o t o r s   shown  more  c l e a r l y   i n  

F i g .   8  d r i v e   r i b b o n   41  back   and  f o r t h   b e t w e e n   s p o o l s   42  a n d  

43.  The  p r i n t e r   c o n t r o l   u n i t   d e t e c t s   r i b b o n   jams  and  end  o f  

r i b b o n   (EOR)  c o n d i t i o n s .   A  r i b b o n   jam  t u r n s   on  an  e r r o r  

i n d i c a t o r   and  s t o p s   p r i n t i n g .   An  EOR  c o n d i t i o n   r e v e r s e s   t h e  

r i b b o n   d r i v e   d i r e c t i o n .  

The  p r i n t e r   i n c l u d e s   an  o p e r a t o r   p a n e l   26  (shown  in  g r e a t e r  

d e t a i l   in  F i g .   4)  t h a t   c o n s i s t s   of  s e v e r a l   o p e r a t o r   c o n t r o l  

k e y s   ( p u s h b u t t o n s   5 1 - 5 5   and  6 0 ) ,   two  i n d i c a t o r   l i g h t s   5 6 ,  

57,  a  power   o n / o f f   s w i t c h   58,  and  an  o p e r a t o r   p a n e l   d i s p l a y  

59.  By  u s i n g   v a r i o u s   c o m b i n a t i o n s   of  t h e   keys   in  c o n j u n c t i o n  



w i t h   t h e   s h i f t   key   55  t h e   o p e r a t o r   c a n : s t a r t   or   s t o p   p r i n t -  

i n g   and  v i e w   t h e   l a s t   l i n e   p r i n t e d ,   s e t   p r i n t   d e n s i t y ,  

p o s i t i o n   t h e   f o r m s   up  or   down  one  p a g e   or   one  l i n e   a t   a  

t i m e ,   move  t h e   f o r m s   i n c r e m e n t a l l y   up  or   down  f o r   f i n e  

a d j u s t m e n t ,   and  s t a r t   or   s t o p   t h e   d i a g n o s t i c   t e s t s   w h e n  

s e l e c t e d   by  a  mode  s w i t c h ,   to   be  d e s c r i b e d .  

The  i n d i c a t o r   l i g h t s   on  t h e   o p e r a t o r   p a n e l   d i s p l a y   n o t i f y  

t h e   o p e r a t o r   t h a t : t h e   p r i n t e r   i s   r e a d y   to   p r i n t   d a t a   f r o m  

t h e   u s i n g   s y s t e m   ( i n d i c a t o r   l i g h t   5 7 ) ,   t h e   p r i n t e r   r e q u i r e s  

a t t e n t i o n   ( i n d i c a t o r   l i g h t   5 6 ) ,   t h e   c u r r e n t   p r i n t   d e n s i t y  

s e t t i n g   ( p a n e l   d i s p l a y   5 9 ) ,   e r r o r s ,   i f   any ,   have   b e e n   d e t e c t e d ,  

and  t h e   r e s u l t s   of   t h e   d i a g n o s t i c   t e s t s   ( p a n e l   d i s p l a y   5 9 ) .  

A  1 6 - p o s i t i o n   mode  s w i t c h   65  i s   l o c a t e d   b e h i n d   t h e   f r o n t  

d o o r   12  and  i s   shown  in  g r e a t e r   d e t a i l   in   F i g .   5.  T h e  

o n - l i n e   p o s i t i o n s   p e r m i t s   p r i n t i n g   to  be  c o n t r o l l e d   by  t h e  

u s i n g   s y s t e m .   A l l   o t h e r   p o s i t i o n s   a r e   o f f - l i n e   and  do  n o t  

a l l o w   p r i n t i n g   to   be  i n i t i a t e d   f rom  t h e   u s i n g   s y s t e m .  

The  f i r s t   two  s w i t c h   p o s i t i o n s   a r e   u s e d   by  t h e   o p e r a t o r   t o  

s e l e c t   t h e s e   m o d e s :  

O n - l i n e .   The  n o r m a l   o p e r a t i n g   p o s i t i o n .   Wi th   t h e  

s w i t c h   in   t h i s   p o s i t i o n ,   t h e   p r i n t e r   a c c e p t s   c o m m a n d s  

f r o m   t h e   u s i n g   s y s t e m .   The  o p e r a t o r   p a n e l   d i s p l a y   59 

i n d i c a t e s   any  d e t e c t e d   e r r o r   c o n d i t i o n s .  

B u f f e r   P r i n t .   An  a d d i t i o n a l   o n - l i n e   p o s i t i o n   w h i c h  

p r i n t s   t h e   EBCDIC  v a l u e s   ( h e x a d e c i m a l   c o d e s )   s e n t   f r o m  

t h e   h o s t   and  t h e   a s s o c i a t e d   c h a r a c t e r   i m a g e s .   No 

c o n t r o l   c h a r a c t e r s   a r e   i n t e r p r e t e d .   T h i s   f e a t u r e   a l l o w s  

t h e   u s e r   t o   v i e w   t h e   d a t a   s t r e a m   s e n t   to   t h e   p r i n t e r .  

T e s t .   Fo r   o f f - l i n e   c h e c k o u t   and  p r o b l e m   d e t e r m i n a t i o n .  

I n  t e s t   mode ,   when  S t a r t   key  53  i s   p r e s s e d ,   t h e   A t t e n t  

i n d i c a t o r   56  s t a y s   on  and   Ready   i n d i c a t o r   57  i s   t u r n e d  



on  u n t i l   t h e   d i a g n o s t i c   t e s t s   t h a t   a r e   s t o r e d   in  t h e  

p r i n t e r   c o n t r o l   u n i t   a r e   f i n i s h e d   or  t h e   S top   key  i s  

p r e s s e d .   I f   an  e r r o r   i s   d e t e c t e d ,   t h e   p r i n t e r   s t o p s   a n d  

d i s p l a y s   an  e r r o r   code   in  t h e   o p e r a t o r   p a n e l   d i s p l a y  
5 9 .  

The  r e m a i n i n g   t h i r t e e n   (13)  p o s i t i o n s   of  t h e   mode  s w i t c h  

d e s i g n a t e d   " 2 - 9 "   and  "A-E"  a r e   u s e d   by  s e r v i c e   p e r s o n n e l   t o  

s e l e c t   a  v a r i e t y   of  d i a g n o s t i c   t e s t s   to   a i d   in  o f f - l i n e  

p r o b l e m   d e t e r m i n a t i o n   and  c o n f i r m a t i o n   of  s e r v i c e   r e q u i r e -  

m e n t s .  

F i g .   6  i l l u s t r a t e s   a  g a t e   a s s e m b l y   17  l o c a t e d   b e h i n d   s i d e  

c o v e r   13,  F i g .   2,  t h e   g a t e   a s s e m b l y   i n c l u d i n g   m o d u l a r   p r i n t -  

ed  c i r c u i t   c a r d s   s u c h   as  c a r d s   8  t h a t   c o n t a i n   much  of  t h e  

c i r c u i t   e l e m e n t s   f o r   p r i n t e r   c o n t r o l   u n i t   3  and  p r i n t e r  

e l e c t r o n i c s   4,  F i g .   1 .  

F i g .   7  i s   a  f r o n t a l   v iew  of  a  p r i n t   e m i t t e r   a s s e m b l y   70  t h a t  

i n c l u d e s   an  e m i t t e r   g l a s s   71  and  an  o p t i c a l   s e n s o r   a s s e m b l y  

72.  G l a s s   71  is   v e r t i c a l l y   p o s i t i o n e d   w i t h   r e s p e c t   to  s e n s o r  

a s s e m b l y   72  and  is   m e c h a n i c a l l y   a t t a c h e d   to  p r i n t   m e c h a n i s m  

30  so  t h a t   as  t h e   p r i n t   h e a d s ,   p r i n t   a c t u a t o r s ,   and  p r i n t  

w i r e s   move  back   and  f o r t h   l e f t   to  r i g h t   and  c o n v e r s e l y   a s  

v i e w e d   in  F i g .   7,  g l a s s   71  a l s o   moves  in  t he   same  m a n n e r  

w i t h   r e s p e c t   to  s e n s o r   a s s e m b l y   72  to  i n d i c a t e   h o r i z o n t a l  

p o s i t i o n   of  t h e   p r i n t   w i r e s .   C a b l i n g   73  s u p p l i e s   s i g n a l s   t o  

t h e   p r i n t   a c t u a t o r s   w h i c h   a r e   d e s c r i b e d   in  d e t a i l   b e l o w .  

O v e r v i e w   of  P r i n t e r   M e c h a n i s m s  

F i g s .   8,  9  and  10,  among  o t h e r s ,   show  t he   d e t a i l   of  c o n s -  

t r u c t i o n   of  t h e   f o r m s   f e e d   a s s e m b l y   20,  t he   p r i n t   a s s e m b l y  

30,  t h e   r i b b o n   d r i v e   a s s e m b l y   40,  and  v a r i o u s   a s s o c i a t e d  

e m i t t e r s .   A  g e n e r a l   o v e r v i e w   of  t h e s e   a s s e m b l i e s   i s   f i r s t  

p r e s e n t e d .  

As  b e s t   s e e n   in  F i g s .   8  and  10,  f o r m s   f e e d   a s s e m b l y   20  h a s  



end  p a l t e s   ( s i d e   c a s t i n g s )   21  and  22  w h i c h   s u p p o r t   t h e  
v a r i o u s   f o r m s   f e e d   m e c h a n i s m s   i n c l u d i n g   a  d r i v e   m o t o r   23  t o  
d r i v e   t r a c t o r s   9 0 - 9 3 ,   t h e   m o t o r   h a v i n g   a  f o r m s   f e e d   e m i t t e r  
a s s e m b l y   24.  The  f o r m s   f e e d   a s s e m b l y   h a s   a  s e p a r a t e   end  o f  
f o r m s   and  jam  d e t e c t o r   e m i t t e r   25.  A s s e m b l y   20  a l s o   i n c l u d e s  
a  p l a t e n   29  l o c a t e d   b e h i n d   t h e   f o r m s   and  a g a i n s t   w h i c h   t h e  
p r i n t   w i r e s   33  a r e   a c t u a t e d   d u r i n g   p r i n t i n g   (See  F i g .   9 ) .  

The  p r i n t   a s s e m b l y   30  i n c l u d e s   a  b a s e   c a s t i n g   75  s u p p o r t i n g  
v a r i o u s   m e c h a n i s m s   i n c l u d i n g   p r i n t   m o t o r   76,  shown  in  p h a n t o m  
in   F i g .   8  in   o r d e r   t h a t   o t h e r   e l e m e n t s   may  be  s e e n   m o r e  
e a s i l y ,   and  c o n n e c t e d   to   d r i v e   a  p r i n t   h e a d   c a r r i e r   31  w i t h  

a c t u a t o r   b l o c k   a s s e m b l y   77  in   a  r e c i p r o c a l   f a s h i o n   h o r i z o n -  

t a l l y   to   e f f e c t   p r i n t i n g   on  an  i n s e r t e d   f o r m .   The  p r i n t  

a s s e m b l y   a l s o   d r i v e s   t h e   p r i n t   e m i t t e r   a s s e m b l y   70  h a v i n g  
e m i t t e r   g l a s s   71  and  o p t i c a l   s e n s o r   a s s e m b l y   7 2 .  

The  r i b b o n   d r i v e   a s s e m b l y   40  i n c l u d e s   a  s u p p o r t   c a s t i n g   4 4 ,  

a  c o v e r   45,  and  d r i v e _ m o t o r s   49  and  5 0 .  

Forms   F e e d   A s s e m b l y  

In  o r d e r   to   l o a d   p a p e r   in  t h e   p r i n t e r   t h e   f o r m s   f e e d   a s s e m -  

b l y   20  p i v o t s   away  f rom  t h e   b a s e   c a s t i n g   75  a t   p i v o t   p o i n t s  

80  a n d  8 1 ,   t h e   l a t t e r   p i v o t   p o i n t   b e i n g   b e s t   s e e n   in   F i g .  

10,  to   a l l o w   a c c e s s   to  t h r e a d   t h e   f o r m s   i n t o   p o s i t i o n .  

L a t c h e s   83  and  84  a r e   r a i s e d   by  t h e   o p e r a t o r   so  t h a t   e x t r e -  

m i t i e s   83a  and  84a  d i s e n g a g e   e c c e n t r i c   p i n s   85  and  86  on  t h e  

f o r m s   f e e d   a s s e m b l y .   The  f o r m s   f e e d   t r a c t o r   t h e n   p i v o t s  

away  f r o m   t h e   o p e r a t o r   as  v i e w e d   in   F i g s .   3  and  8  and  to   t h e  

r i g h t   as  v i e w e d   in   F i g .   10.  T h i s   a l l o w s   a c c e s s   to   t r a c t o r s  

9093  so  t h a t   t h e   o p e r a t o r   may  l o a d   p a p e r .   The  f o r m s   f e e d  

a s s e m b l y   i s   t h e n   r e c l o s e d   and  r e l a t c h e d   by  l a t c h e s   83  and  84 

f o r   n o r m a l   m a c h i n e   o p e r a t i o n .   D u r i n g   t h e   t i m e   t h a t   t h e  

f o r m s   f e e d   a s s e m b l y   i s   p i v o t e d   b a c k   f o r   s e r v i c e ,   a  s w i t c h   94  

p r e v e n t s   m a c h i n e   o p e r a t i o n .   T h i s   s w i t c h   i s   a c t u a t e d   by  a  

t a n g   95  on  f o r m s   f e e d   a s s e m b l y   20  when  i t   i s   c l o s e d .  



R e f e r r i n g   to  F i g .   8,  t h e   f o r m s   f e e d   a s s e m b l y   i n c l u d e s   m e a n s  
f o r   a d j u s t i n g   f o r   f o rms   t h i c k n e s s .   As  m e n t i o n e d ,   t h e   e n t i r e  

f o r m s   f e e d   a s s e m b l y   p i v o t s   b a c k   f rom  t h e   r e s t   of  t h e   p r i n t e r  
a b o u t   p i v o t   p o i n t s   80  and  81.  In  t h e   c l o s e d   p o s i t i o n   t h e  

f o r m s   f e e d   a s s e m b l y   i s   in  such   a  p o s i t i o n   t h a t   a  s p i r a l   c a m  
96  e n g a g e s   a  p i n   97  on  t h e   ma in   c a r r i e r   s h a f t   98  of  t h e  

p r i n t   a s s e m b l y   30  ( see   a l s o   F i g .   9 ) .   A d j u s t m e n t   of  t h e  

s p i r a l   cam  and  knob  a s s e m b l y   96  i s   s u c h   t h a t   i t   r o t a t e s   t h e  

m a i n   c a r r i e r   s h a f t   98.  A s s e m b l y   96  i s   r e t a i n e d   in   p o s i t i o n  

by  a  s p r i n g   l o a d e d   d e t e n t   a s s e m b l y .   T h i s   has  a  s p r i n g   l o a d e d  

p i n   w h i c h   e n g a g e s   n o t c h e s   in  t he   knob  so  t h a t   i t   i s   h e l d   i n  

t h e   p o s i t i o n   s e t   by  t he   o p e r a t o r .   A s s o c i a t e d   w i t h   s h a f t   98 

a r e   e c c e n t r i c s   s u c h   as  p o r t i o n   98a  on  t h e   l e f t   end  of  s h a f t  

99  w i t h   t e n o n   100  o n t o   w h i c h   l a t c h   83  is   m o u n t e d .   R o t a t i o n  

of  s h a f t   98  t h u s   moves  l a t c h e s   83  and  84  w h i c h   c h a n g e s   t h e  

d i s t a n c e   b e t w e e n   a s s e m b l i e s   20  and  30  and  t h u s   t he   d i s t a n c e  

b e t w e e n   t h e   ends   of  p r i n t   w i r e s   33  and  p l a t e n   29.  T h i s  

a d j u s t m e n t   e n a b l e s   t he   p r i n t e r   to  a c c o m o d a t e   fo rms   of  v a -  

r i o u s   t h i c k n e s s e s .   The  p r i n t e r   can  h a n d l e   fo rms   f rom  o n e  

p a r t   to  s i x   p a r t s   t h i c k n e s s .  

The  p a p e r   f e e d i n g   is   a c c o m p l i s h e d   by  t h e   f o u r   s e t s   of  t r a c -  

t o r s   9 0 - 9 3   two  above   t h e   p r i n t   l i n e   and  two  b e l o w   the   p r i n t  

l i n e .   The  i n d i v i d u a l   t r a c t o r s   i n c l u d e   d r i v e   c h a i n s   to  w h i c h  

p i n s   a r e   a t t a c h e d   a t   t h e   p r o p e r   d i s t a n c e   to  e n g a g e   the   h o l e s  

in   t h e   fo rm.   As  an  e x a m p l e ,   t r a c t o r   90  has  d r i v e   c h a i n   101 

w i t h   p i n s   102.  C h a i n   101  is   d r i v e n   by  a  s p r o c k e t   103  a t t a -  

ched   to  a  s h a f t   104  w h i c h   a l s o   d r i v e s   t he   s p r o c k e t   a n d  

c h a i n s   f o r   t r a c t o r   91.  T r a c t o r s   92  and  93  a r e   d r i v e n   f r o m  

s h a f t   105.  B e c a u s e   t h e   t r a c t o r s   a r e   a b o v e   and  b e l o w   t h e  

p r i n t   l i n e ,   t he   p r i n t e r   i s   a b l e   to  move  t he   p a p e r   in  e i t h e r  

d i r e c t i o n .   The  n o r m a l   d i r e c t i o n   of  f o r m s   d r i v e   i s   u p w a r d l y  

in  F i g s .   3  and  8.  H o w e v e r ,   i t   i s   p o s s i b l e   to  move  the   p a p e r  

d o w n w a r d l y ,   as  w e l l .  

R o t a t i o n   of  s h a f t s   104  and  105  and  f o r m s   f e e d i n g   i s   a c c o m -  

p l i s h e d   by  a p p r o p r i a t e   d r i v e   of  m o t o r   23  in  t he   p r o p e r  

d i r e c t i o n   w h i c h   in  t u r n   d r i v e s   p u l l e y s   106  and  107  (to  w h i c h  



s h a f t s   104  and  105  a r e   c o n n e c t e d )   f rom  m o t o r   p u l l e y   108  b y  
means   of   d r i v e - t i m i n g   b e l t   109 .   C o v e r   110  c o v e r s   b e l t   1 0 9  
and  p u l l e y s   1 0 6 - 1 0 8   d u r i n g   r o t a t i o n .   The  fo rms   f e e d   e m i t t e r  
a s s e m b l y   24  i n c l u d e s   an  e m i t t e r   w h e e l   47  w i t h   m a r k s   t o  
i n d i c a t e   r o t a t i o n   and  a  l i g h t   e m i t t i n g   d i o d e   a s s e m b l y   48  
t h a t   s e r v e   to   i n d i c a t e   e x t e n t   of  r o t a t i o n   of  m o t o r   23  i n  
e i t h e r   d i r e c t i o n   and  as  a  c o n s e q u e n c e ,   t h e   e x t e n t   of  m o v e -  
m e n t   of  t h e   f o r m s   as  t h e y   a r e   d r i v e n   by  m o t o r   2 3 .  

The  c a p a b i l i t y   of   t h e   p r i n t e r   to   f e e d   p a p e r   in   b o t h   d i r e c t -  
i o n s   o f f e r s   some  a d v a n t a g e s .   For   e x a m p l e ,   in  o r d e r   t o  

i m p r o v e   p r i n t   v i s i b i l i t y   a t   t h e   t i m e   t h e   S t o p   b u t t o n   i s  

p u s h e d   by  t h e   o p e r a t o r ,   t h e   p a p e r   may  be  moved  up  one  or  t w o  
i n c h e s   a b o v e   w h e r e   i t   n o r m a l l y   r e s i d e s   so  t h a t   i t   can  b e  

e a s i l y   r e a d   and  can   be  e a s i l y   a d j u s t e d   f o r   r e g i s t r a t i o n .  
When  t h e   S t a r t   key  i s   d e p r e s s e d ,   t h e   p a p e r   i s   r e t u r n e d   t o  
i t s   n o r m a l   p r i n t i n g   p o s i t i o n   b a c k   o u t   of  v i ew   of  t h e   o p e r a -  
t o r .   The  p r i n t e r   may  a l s o   be  u s e d   in   t h o s e   a p p l i c a t i o n s  

w h e r e   p l o t t i n g   i s   a  r e q u i r e m e n t .   In  t h i s   c a s e   a  p l o t   may  b e  

g e n e r a t e d   by  c a l c u l a t i n g   one  p o i n t   a t   a  t i m e   and  m o v i n g   t h e  

p a p e r   up  and  down  much  l i k e   a  p l o t t e r   r a t h e r   t h a n   c a l c u l a -  

t i n g   t h e   e n t i r e   c u r v e   and  p r i n t i n g   i t   o u t   f rom  top   to   b o t t o m  

in   a  r a s t e r   m o d e .  

End  of  f o r m s   and  jam  d e t e c t i o n   i s   a c c o m p l i s h e d   in  t h i s  

a s s e m b l y   by  a  s p r o c k e t   112  j u s t   a b o v e   t h e   l o w e r   l e f t   t r a c -  

t o r .   The  t e e t h   in   t h i s   s p r o c k e t   p r o t r u d e   t h r o u g h   a  s l o t  

113a   in   t h e   f l i p   c o v e r   113.   T h i s   s p r o c k e t   i s   n o t   d r i v e n   b y  

any  m e c h a n i s m   b u t   s i m p l y   i s   s u p p o r t e d   by  a  b e a r i n g .   T h e  

s p r o c k e t  e n g a g e s   t h e   f e e d   h o l e s   in  t h e   p a p e r   as  i t   i s  

p u l l e d   p a s t   by  t h e   t r a c t o r   a s s e m b l i e s .   On  t h e   o t h e r   end  o f  

t h e   s h a f t   114  f rom  t h e   s p r o c k e t   i s   a  s m a l l   o p t i c a l   e m i t t e r  

d i s c   115.   The  m a r k s   in   t h i s   d i s c   a r e   s e n s e d   by  an  LED  p h o t o -  

t r a n s i s t o r   a s s e m b l y   116  and  s u p p l i e d   to  t h e   e l e c t r o n i c s   o f  

t h e   s u b s y s t e m .   The  e l e c t r o n i c s   v e r i f i e s   t h a t   m a r k s   h a v e  

p a s s e d   t h e   p h o t o t r a n s i s t o r   a t   some  p r e s e l e c t e d   f r e q u e n c y  

when  t h e   p a p e r   i s   b e i n g   f e d .   I f   t h e   mark  i s   n o t   s e n s e d  



d u r i n g   t h a t   t i m e ,   t he   m a c h i n e   i s   s h u t   down  as  e i t h e r   t he   e n d  

of  f o r m s   has   o c c u r r e d   or   a  p a p e r   jam  has   o c c u r r e d .  

The  c a s t i n g s   88  and  89  s u p p o r t i n g   the   t r a c t o r s   9 0 - 9 3   a r e  

a d j u s t a b l e   l e f t   or  r i g h t   in  a  c o a r s e   a d j u s t m e n t   in   o r d e r   t o  

a d j u s t   f o r   t h e   p a p e r   s i z e   u s e d   in  a  p a r t i c u l a r   a p p l i c a t i o n .  
A f t e r   t h e y   a r e   p r o p e r l y   p o s i t i o n e d   t h e y   a r e   l o c k e d   in   p l a c e  

on  s h a f t   67  by  l o c k i n g   s c r e w s   s u c h   as  l o c k i n g   s c r e w   8 7 .  

A l l   t r a c t o r s   a r e   d r i v e n   by  t h e   two  s h a f t s   104  and  105  f r o m  

m o t o r   23  as  p r e v i o u s l y   d e s c r i b e d .   The  m o t o r   a d j u s t s   in  t h e  
s i d e   c a s t i n g   21  in  s l o t s   120  in  o r d e r   to  p r o v i d e   t h e   c o r r e c t  
t e n s i o n   f o r   b e l t   1 0 9 .  

B e s i d e s   t h e   c o a r s e   a d j u s t m e n t ,   t h e r e   is   a l s o   a  f i n e   a d j u s t -  
men t   w h i c h   i s   u s e d   to  f i n a l l y   p o s i t i o n   in  v e r y   s m a l l   i n c r e -  

m e n t s   l a t e r a l l y   t h e   l o c a t i o n   of  t h e   p r i n t i n g   on  t h e   f o r m s .  

T h i s   i s   done   by  a  t h r e a d e d   knob  66  w h i c h   e n g a g e s   s h a f t   67  t o  

w h i c h   b o t h   t r a c t o r   c a s t i n g s   c l a m p .   T h i s   s h a f t   f l o a t s  

b e t w e e n   s i d e   c a s t i n g s   21  and  22  l a t e r a l l y .   The  t h r e a d s   i n  

knob  15  e n g a g e   t h r e a d s   on  t h e   r i g h t   end  of  s h a f t   67.  T h e  

knob  i s   h e l d   in  a  s o l i d   p o s i t i o n   by  a  f o r k   68.  T h e r e f o r e  

knob  66  s t a y s   s t a t i o n a r y   and  t h e   t h r e a d s   d r i v i n g   t h r o u g h   t h e  

s h a f t   f o r c e   s h a f t   67  l a t e r a l l y   l e f t   or  r i g h t ,   d e p e n d i n g   u p o n  
t h e   d i r e c t i o n   in  w h i c h   knob  66  i s   r o t a t e d .   S h a f t   67  i s  

a l w a y s   b i a s e d   in  one  d i r e c t i o n   to   t a k e   o u t   p l a y   by  a  s p r i n g  

69  on  t h e   l e f t   end  of  s h a f t .   As  t he   p a p e r   l e a v e s   t h e   top   o f  

t h e   t r a c t o r s ,   i t   i s   g u i d e d   up  and  t o w a r d   t h e   b a c k   of  t h e  

m a c h i n e   and  down  by  t h e   w i r e   g u i d e   2 8 .  

In  o r d e r   to  i n s u r e   t h a t   t h e   d i s t a n c e   b e t w e e n   t h e   p i n s   in  t h e  

u p p e r   t r a c t o r s   i s   in  c o r r e c t   r e l a t i o n s h i p   to  t h e   p i n s   in  t h e  

l o w e r   t r a c t o r s   an  a d j u s t m e n t   i s   p e r f o r m e d .   T h i s   a d j u s t m e n t  

i s   made  by  i n s e r t i n g   a  g a u g e   or  p i e c e   of  p a p e r   in  t he   t r a c -  

t o r   a s s e m b l y   w h i c h   l o c a t e s   t h e   b o t t o m   p i n s   in  t h e   c o r r e c t  

r e l a t i o n s h i p   to   t h e   top   p i n s .   T h i s   i s   done  by  l o o s e n i n g   a  

c l a m p   121  on  t h e   end  of  s h a f t   104.   Once  t h i s   p o s i t i o n   i s  



o b t a i n e d ,   t h e n   c l a m p   121  i s   t i g h t e n e d   and  in   e f f e c t   p h a s e s  
t he   t op   s e t   of   t r a c t o r s   to   t h e   b o t t o m   s e t   so  t h a t   h o l e s   i n  

t h e   p a p e r   w i l l   e n g a g e   b o t h   s e t s   of  t r a c t o r s   c o r r e c t l y .  
Forms  may  be  moved  t h r o u g h   t h e   t r a c t o r   f o r m s   f e e d   m e c h a n i s m  

m a n u a l l y   by  r o t a t i n g   knob   122.   T h i s   knob  s i m p l y   e n g a g e s   t h e  

top   d r i v e   s h a f t   104  of   t h e   u p p e r   t r a c t o r   s e t   and  t h r o u g h   t h e  

t i m i n g   b e l t   109  p r o v i d e s   r o t a t i o n a l   a c t i o n   to  t h e   l o w e r ;  

t r a c t o r   s e t ,   as  w e l l .  

P r i n t   A s s e m b l y  

In  F i g .   8,  a  c a r r i e r   31  c o m p r i s i n g   a c t u a t o r   b l o c k   77  a n d  

s u p p o r t   78  a c c o m m o d a t e   a l l   t h e   p r i n t   h e a d s   w i t h   t h e i r   w i r e  

a c t u a t o r s   35  and  p r i n t   w i r e s   33.  A l s o ,   see   F i g s .   13  a n d  

1 4 - 2 6 .   A c t u a t o r   b l o c k   77  i s   d e s i g n e d   to  h o l d   f rom  two  up  t o  

e i g h t   or  n i n e   p r i n t   h e a d   g r o u p s   of  e i g h t   a c t u a t o r s   e a c h .  

T h u s ,   a  p r i n t e r   w i t h   e i g h t   p r i n t   head   g r o u p s ,   as  shown  i n  

F i g s .   8  and  13,  has   s i x t y - f o u r   p r i n t   w i r e   a c t u a t o r s   a n d  

s i x t y - f o u r   a s s o c i a t e d   p r i n t   w i r e s .   Only  two  a c t u a t o r s   35  

a r e   shown  p o s i t i o n e d   in  p l a c e   in  F i g .   8.  The  o t h e r   s i x t y -  

two  a c t u a t o r s   w o u l d   be  l o c a t e d   in  a p e r t u r e s   133  o n l y   a  f e w  

of  w h i c h   a r e   d e p i c t e d .   To  i n s u r e   l o n g   l i f e   of  t h e   p r i n t  

w i r e s ,   l u b r i c a t i n g   a s s e m b l i e s   134  c o n t a i n i n g   o i l   w i c k s   a r e  

p o s i t i o n e d   in  p r o x i m i t y   to   t h e   p r i n t   w i r e s .   The  p r i n t   w i r e  

a c t u a t o r s   f i r e   t h e   w i r e s   to  p r i n t   d o t s   to  fo rm  c h a r a c t e r s .  

C a r r i e r   31  i s   s h u t t l e d   b a c k   and  f o r t h   by  a  l e a d   s c r e w   36  

d r i v e n   by  m o t o r   76.  Lead   s c r e w   36  d r i v e s   t h e   c a r r i e r   b a c k  

and  f o r t h   t h r o u g h   n u t s   w h i c h   a r e   a t t a c h e d   to   t h e   c a r r i e r .  

When  c a r r i e r   31  i s   l o c a t e d   a t   t h e   e x t r e m e   l e f t ,   as  v i e w e d   i n  

F i g s .   3  and  8  ( to   t h e   r i g h t   as  v i e w e d   in  F i g .   1 3 ) ,   t h i s   i s  

c a l l e d   t h e   "home  p o s i t i o n " .   When  t h e   c a r r i e r   i s   moved  to   t h e  

home  p o s i t i o n ,   a  cam  37  a t t a c h e d   to  t h e   c a r r i e r   e n g a g e s   a  

p i n   38,  t h e   p i n   b e i n g   a t t a c h e d   to   t h e   ma in   c a r r i e r   s h a f t   9 8 .  

I f   t h e   m a c h i n e   has   n o t   b e e n   p r i n t i n g   f o r   some  p e r i o d   o f  

t i m e ,   in   t h e   n e i g h b o r h o o d   of  a  few  s e c o n d s ,   t h e   p r i n t e r  

c o n t r o l   u n i t   s i g n a l s   t h e   c a r r i e r   to  move  a l l   t h e   way  t o  

t he   l e f t ,   in   w h i c h   c a s e   cam  37  e n g a g e s   p i n   38  to   r o t a t e   t h e  

main   c a r r i e r   s h a f t   98  a p p r o x i m a t e l y   15  d e g r e e s .   On  e a c h   e n d  



of  t h e   s h a f t   a r e   t h e   e c c e n t r i c a l l y   l o c a t e d   t e n o n s ,   s u c h   a s  

t e n o n   100,   p r e v i o u s l y   d e s c r i b e d .   T h e s e   t e n o n s   e n g a g e   t h e  

l a t c h e s   83  and  84  so  t h a t   t he   d i s t a n c e   b e t w e e n   t h e   p r i n t  

a s s e m b l y   and  t h e   f o r m s   f e e d   a s s e m b l y   i s   c o n t r o l l e d   by  t h e  

l a t c h e s .   As  s h a f t   98  r o t a t e s ,   t h e   e c c e n t r i c s   a s s o c i a t e d  

w i t h   l a t c h e s   83  and  84  s e p a r a t e   t h e   f o r m s   f e e d   a s s e m b l y   f r o m  

t h e   p r i n t   a s s e m b l y .  

The  p u r p o s e   of  m o t o r   76,  of  c o u r s e ,   i s   to  move  t h e   c a r r i e r  

31  b a c k   and  f o r t h   in   o r d e r   to  p u t   t h e   p r i n t   a c t u a t o r s   35  a n d  

p r i n t   w i r e s   33  in   t h e   p r o p e r   p o s i t i o n s   to  p r i n t   d o t s   a n d  

form  c h a r a c t e r s .   S i n c e   t h e   m o t i o n   i s   b a c k   and  f o r t h ,   i t  

r e q u i r e s   a  l o t   of  e n e r g y   to  g e t   t he   mass  of  c a r r i e r   31  a n d  

a c t u a t o r s   35  s t o p p e d   and  t u r n e d   a r o u n d   a t   t he   end  of  e a c h  

p r i n t   l i n e .   A  b r u s h l e s s   DC  m o t o r   i s   u s e d .   The  c o m m u t a t i o n  

to  t h e   w i n d i n g s   in   t h e   m o t o r   i s   done   e x t e r n a l   to  t h e   m o t o r  

t h r o u g h   s i g n a l s   s e n t   ou t   of  t he   m o t o r   v i a   a  H a l l   e f f e c t  

d e v i c e   e m i t t e r   39.  In  o t h e r   w o r d s ,   t h e   e m i t t e r   39  w i t h i n  

t h e   m o t o r   s e n d s   a  s i g n a l   o u t   t e l l i n g   t h e   p r i n t e r   c o n t r o l  

u n i t   t h a t   i t   i s   now  t i m e   to  c h a n g e   f rom  one  m o t o r   w i n d i n g   t o  

t h e   n e x t .   T h e r e f o r e ,   t h e r e   a r e   no  r u b b i n g   p a r t s   or  s l i d i n g  

p a r t s   w i t h i n   t h e   m o t o r ,   and  s w i t c h i n g   is   done  e x t e r n a l l y   v i a  

e l e c t r o n i c s   b a s e d   on  t h e   s i g n a l s   t h a t   t h e   m o t o r   s e n d s   o u t  

f rom  i t s   e m i t t e r .   The  m o t o r   d r aws   a b o u t   20  a m p e r e s   d u r i n g  

t u r n a r o u n d   t i m e   and ,   b e c a u s e   of  t he   h i g h   c u r r e n t   i t   d r a w s  

and  b e c a u s e   of  t h e   t o r q u e   c o n s t a n t   r e q u i r e d   f rom  t h e   m o t o r ,  

i t   is   b u i l t   w i t h   r a r e   e a r t h   m a g n e t s   of  S a m a r i u m   c o b a l t   w h i c h '  

p r o v i d e   d o u b l e   t h e   f l u x   d e n s i t y   of  o t h e r   t y p e s   of  m a g n e t s .  

S a m a r i u m   c o b a l t   i s   n o t   j u s t   u s e d   b e c a u s e   of  t he   h i g h e r   f l u x  

d e n s i t y   b u t   a l s o   b e c a u s e   i t s   d e m a g n e t i z a t i o n   o c c u r r e n c e   i s  

much  h i g h e r   and ,   t h e r e f o r e ,   more  c u r r e n t   can  be  s e n t   t h r o u g h  

t h e   m o t o r   w i t h o u t   d e m a g n e t i z i n g   t he   i n t e r n a l   m a g n e t s .  

D u r i n g   p r i n t i n g ,   c a r r i e r   31  t h a t   h o l d s   t h e   p r i n t   a c t u a t o r s  

35  goes   a t   a  v e l o c i t y   of  a p p r o x i m a t e l y   6 3 , 5 c m   p e r   s e c o n d .  

The  t u r n a r o u n d   c y c l e   a t   t he   end  of  t he   p r i n t   l i n e   r e q u i r e s  

28  m i l l i s e c o n d s   a p p r o x i m a t e l y ,   r e s u l t i n g   in  a  G r a v i t y   or  "G" 



l o a d   in   t h e   n e i g h b o r h o o d   of   4  G ' s .   The  c a r r i e r ,   w i t h   a l l   t h e  
a c t u a t o r s   m o u n t e d ,   w e i g h s   a b o u t   3 , 8 5   K g .  

The  c u r r e n t   n e c e s s a r y   to   f i r e   t h e   p r i n t   a c t u a t o r s   i s   c a r r i e d  

to  t h e   a c t u a t o r s   v i a   t h e   c a b l e   a s s e m b l i e s   73,  F i g s .   7  a n d  

13,   one   f o r   e a c h   g r o u p   of  e i g h t   a c t u a t o r s .   The  c a b l i n g ,  

s u c h   as  c a b l e   7 3 a ,   F i g .   8,  i s   s e t   in   t h e   m a c h i n e   in   a  s e m i -  

c i r c u l a r   l o o p   so  t h a t   as  c a r r i e r   31  r e c i p r o c a t e s   i t   a l l o w s  

t h e   c a b l e   to   r o l l   a b o u t   a  r a d i u s   and  t h e r e f o r e   n o t   p u t  
e x c e s s i v e   s t r e s s   on  t h e   c a b l e   w i r e s .   T h i s   l o o p   in   t h e   c a b l e  

i s   f o r m e d   and  h e l d   in   s h a p e   by  a  s t e e l   b a c k i n g   s t r a p   74.  I n  

t h i s   c a s e   t h e r e   i s   one  c a b l e   a s s e m b l y   f o r   e a c h   g r o u p   o f  

e i g h t   a c t u a t o r s   or   a  maximum  of  e i g h t   c a b l e   b a c k i n g   s t r a p  

g r o u p s .  

R i b b o n   D r i v e   A s s e m b l y  

The  r i b b o n   d r i v e   a s s e m b l y   40  f o r   t h e   p r i n t e r   i s   shown  i n  

F i g .   8,  b u t   r e f e r e n c e   i s   a l s o   made  to  F i g s .   3,  9,  and  1 3 .  

S p o o l s   42  and  43  a r e   shown  w i t h   s p o o l   f l a n g e s   b u t   may  b e  

s t r u c t u r e d   w i t h o u t   s p o o l   f l a n g e s   and  c o n t a i n   t h e   r i b b o n .  

The  s p o o l s   can   be  s e e n   on  e i t h e r   s i d e   of  t h e   m a c h i n e   n e a r  

t h e   f r o n t ,   F i g .   3.  Gear   f l a n g e s   118  and  119,   F i g .   8,  s u p p o r t  

r i b b o n   s p o o l s   42  and  43,  r e s p e c t i v e l y .   D r i v e   f o r   s p o o l   4 3 ,  

as  an  e x a m p l e ,   i s   f rom  m o t o r   50,  p i n i o n   g e a r   132  to   a  m a t -  

c h i n g   g e a r   119a   f o r m e d   on  t h e   u n d e r n e a t h   s i d e   of  g e a r   f l a n g e  

119  t h e n   to   s p o o l   43.  In  one  d i r e c t i o n   of  f e e d ,   t h e   r i b b o n  

p a t h   i s   f r o m   t h e   l e f t - h a n d   s p o o l   42  p a s t   p o s t s   125  and  1 2 6 ,  

F i g s .   3,  8  and  13,  a c r o s s   t h e   f r o n t   of  t h e   r i b b o n   d r i v e  

a s s e m b l y   b e t w e e n   t h e   p r i n t   h e a d s   34  and  f o r m s   15,  t h e n   p a s t  

p o s t s   127  and  128  b a c k   to   t h e   r i g h t - h a n d   r i b b o n   s p o o l   43.  A 

r i b b o n   s h i e l d   46  to  be  d e s c r i b e d   in  c o n j u n c t i o n   w i t h   F i g s .  

1 1 - 1 3   i s   g e n e r a l l y   l o c a t e d   b e t w e e n   p o s t s   126  and  127  and  i s  

m o u n t e d   on  t h e   two  a t t a c h m e n t   s p r i n g   member s   130  and  1 3 1 .  

R i b b o n   S h i e l d  

F i g .   11  i l l u s t r a t e s   r i b b o n   s h i e l d   46  t h a t   i s   p a r t i c u l a r l y  



u s e f u l   in  t h e   p r i n t e r   d e s c r i b e d   h e r e i n .   F i g .   12  is   a  c r o s s -  
s e c t i o n a l   v i ew   a l o n g   t h e   l i n e s   12 -12   in  F i g .   11.  S h i e l d   46  

has   an  e l o n g a t e d   a p e r t u r e   46a  e x t e n d i n g   a l m o s t   i t s   e n t i r e  

l e n g t h .   The  a p e r t u r e   e n a b l e s   t he   p r i n t   w i r e s   33  to  p r e s s  
a g a i n s t   t h e   r i b b o n   in  t he   p r i n t e r   t h r o u g h   t h e   s h i e l d   i n  

o r d e r   to  p r i n t   on  f o r m s   15.  S h i e l d   46  has   s l i t s   46b  and  4 6 c  

a t   o p p o s i t e   e x t r e m i t i e s   to  p e r m i t   e a s y   m o u n t i n g   in  t h e  

p r i n t e r   on  s p r i n g   members   130  and  131  of  t h e   r i b b o n   d r i v e  

a s s e m b l y ,   F i g .   1 3 .  

A s s e m b l y   V i e w  

F i g .   13  i s   an  a s s e m b l y   v i ew  of  t he   p r i n t e r   i n c l u d i n g   f o r m s  

f e e d   a s s e m b l y   20,  p r i n t e r   a s s e m b l y   30,  and  r i b b o n   d r i v e  

a s s e m b l y   40.  R i b b o n   d r i v e   a s s e m b l y   40  i n c l u d e s   t h e   t w o  

r i b b o n   s p o o l s   42  and  43  w h i c h   a l t e r n a t i v e l y   s e r v e   as  s u p p l y  
and  t a k e u p   s p o o l s .   I f   s p o o l   42  is  s e r v i n g   as  t h e   s u p p l y  

s p o o l ,   r i b b o n   41  w i l l   be  s u p p l i e d   p a s t   p o s t s   125  and  1 2 6 ,  

t h r o u g h   t h e   r i b b o n   s h i e l d   46  p a s t   p o s t s   127  and  128  a n d  

t h e n c e   to  t h e   t a k e u p   s p o o l   43.  S h i e l d   46,  F i g s .   11  and  1 3 ,  

and  r i b b o n   41,  F i g .   13,  a r e   i l l u s t r a t e d   s l i g h t l y   on  t he   b i a s  

r e l a t i v e   to   h o r i z o n t a l   w h i c h   i s   t h e i r   more  n o r m a l   r e l a t i o n -  

s h i p   in  t h e   p r i n t e r .   The  r i b b o n   d r i v e   a s s e m b l y   40  is   a l s o  

p o s i t i o n e d   on  a  s l i g h t   b i a s   r e l a t i v e   to  h o r i z o n t a l   to  a c c o m -  

m o d a t e   t h e   b i a s   of  s h i e l d   46  and  r i b b o n   41.  In  t h i s   c o n d i -  

t i o n   a p e r t u r e   46a  a s s u m e s   a  h o r i z o n t a l   r e l a t i o n s h i p   w i t h  

r e s p e c t   to  t h e   p r i n t   w i r e s   33  and  fo rms   1 5 .  

T h u s ,   in  F i g .   13,  t h e   r i g h t m o s t   end  of  s h i e l d   46  i s   s o m e w h a t  

e l e v a t e d   in  r e l a t i o n   to  t h e   l e f t m o s t   end  in  o r d e r   t h a t  

a p e r t u r e   46a  i s   m a i n t a i n e d   in  a  r e l a t i v e l y   h o r i z o n t a l   p o s i -  

t i o n   w i t h   r e s p e c t   to  t he   p r i n t   a c t u a t o r s   in  p r i n t   m e c h a n i s m  

30.  A  few  of  t h e   g r o u p s   of  p r i n t   w i r e s   33  a r e   i n d i c a t e d   a t  

a  b r e a k a w a y   s e c t i o n   of  s h i e l d   46.  As  p r e v i o u s l y   n o t e d ,   t h e  

p r i n t   w i r e s   a r e   r e c i p r o c a t e d   back   and  f o r t h   l a t e r a l l y   i n  

r e l a t i o n   to  a  f o rm ,   n o t   shown  in  F i g .   13,  in  o r d e r   to  e f f e c t  

t he   p r i n t i n g   of  c h a r a c t e r s .   The  r e c i p r o c a t i o n   is   by  m e a n s  



of  d r i v e   m e c h a n i s m s   a c t i v a t e d   f r o m   m o t o r   76.  The  a c t i v a t i n g  
s i g n a l s   f o r   t h e   a c t u a t o r s   in   p r i n t   m e c h a n i s m s   21  a r e   s u p p l i e d  

t h r o u g h   c a b l i n g   i n d i c a t e d   a t   7 3 .  

A c t u a t o r   B l o c k ,   G u i d e ,   and  A c t u a t o r s  

E n l a r g e d   v i e w s   of   t h e   a c t u a t o r   b l o c k   77,  g u i d e   79,  p r i n t  
w i r e   a c t u a t o r s   35,  l u b r i c a t i n g   a s s e m b l i e s   134 ,   and  v a r i o u s  

r e l a t e d   m e c h a n i s m s   a r e   shown  in   F i g s .   1 4 - 2 3 .   R e f e r r i n g   t o  

F i g .   14,  t h i s   b e t t e r   i l l u s t r a t e s   t h e   a r r a n g e m e n t   of   a p e r -  
t u r e s   133  in   a c t u a t o r   b l o c k   77  w h i c h   can   a c c o m m o d a t e   e i g h t  

p r i n t   h e a d s   w i t h   e i g h t   p r i n t   w i r e   a c t u a t o r s .   A p e r t u r e s   1 3 3 a  

a r e   u s e d   to   m o u n t   a c t u a t o r s   35  w h i l e   a p e r t u r e s   133b  a l l o w  

p a s s a g e   of   b a r r e l s   136  of   a c t u a t o r s   35  t h r o u g h   a c t u a t o r  

b l o c k   77  and  g u i d e   79  up  to   t h e   p r i n t   l i n e .   A  t y p i c a l  

l u b r i c a t i n g   a s s e m b l y   134  c o m p r i s e s   a  c o v e r   140 ,   f e l t   e l e m e n t  

141,   w i c k   a s s e m b l y   142 ,   and  h o u s i n g   143  t h a t   c o n t a i n s   l u -  

b r i c a t i n g   o i l .  

F i g .   15  i l l u s t r a t e s   a  p o r t i o n   of  f a c e   79a  of   g u i d e   79  w h i l e  

F i g .   16  i l l u s t r a t e s   a  p o r t i o n   of  f a c e   79b  of   g u i d e   7 9 .  

B a r r e l s   136  of  a c t u a t o r s   35  p a s s   t h r o u g h   a p e r t u r e s   145  o n  

f a c e   79a  o f   g u i d e   79  and  a r e   r e t a i n e d   by  b o l t s   s u c h   as  b o l t  

146  p a s s i n g   t h r o u g h   a p e r t u r e s   147  f rom  t h e   o p p o s i t e   s i d e   o f  

g u i d e   79.  I n d i v i d u a l   a c t u a t o r   b a r r e l s   136  and  p r i n t   w i r e s  

33  p r o j e c t   t h r o u g h   a p e r t u r e s   148 ,   F i g s .   13  and  1 6 .  

F i g s .   1 7 - 2 2   i l l u s t r a t e   s e v e r a l   a r r a n g e m e n t s   w h i c h   p e r m i t  

m o u n t i n g   of   a  g r e a t e r   m u l t i p l i c i t y   of  a c t u a t o r s   in   a  g i v e n  

a m o u n t   of   s p a c e   t h r o u g h   a c t u a t o r   b l o c k   77  and  g u i d e   7 9 .  

F i g s .   1 7 - 1 9   i l l u s t r a t e   one  p o s s i b l e   m o u n t i n g   a r r a n g e m e n t   f o r  

t h e   a c t u a t o r s   w h i l e   F i g s .   2 0 - 2 2   i l l u s t r a t e   t h e   a c t u a l   m o u n -  

t i n g   a r r a n g e m e n t   p r e v i o u s l y   d e s c r i b e d   in  c o n j u n c t i o n   w i t h  

F i g s .   8,  13,   and  1 4 - 1 6 .  

In  F i g s .   1 7 - 1 9   w h i c h   r e p r e s e n t   an  a l t e r n a t i v e   m o u n t i n g  

a r r a n g e m e n t ,   p r i n t   a c t u a t o r s   35a  and  p r i n t   w i r e s   35  f o r   o n e  



p r i n t   head   s e t   of  e i g h t   (1-8)   a r e   a r r a n g e d   on  a  s t r a i g h t  

s l o p e   150.   T h i s   s l o p e ,   c o m b i n e d   w i t h   a c t u a t o r   b l o c k   7 7 a  

h a v i n g   a  d o u b l e   a n g l e   c o n f i g u r a t i o n   a t   151 ,   F i g .   18,  r e s u l t s  

in  a  s t a g g e r e d   p r i n t   w i r e   f a c e - t o - p l a t e n   c o n d i t i o n ,   F i g .   1 9 .  

T h i s   p r i n t   w i r e   f a c e - t o - p l a t e n   d i s t a n c e ,   shown  as  8X,  i s  

c r i t i c a l   to  b o t h   t h e   s t r o k e   and  f l i g h t   t i m e   of  t he   p r i n t  

w i r e s .  

The  p r e f e r r e d   a r r a n g e m e n t ,   F i g s .   2 0 - 2 2 ,   has   a  number   o f  

a t t r i b u t e s ,   i n c l u d i n g   i m p r o v e d   f u n c t i o n i n g ,   i n c r e a s e d   c o i l  

c l e a r a n c e ,   and  e a s e   of  m a n u f a c t u r e .   In  t h i s   m e t h o d ,   p r i n t  

w i r e s   35  a r r a n g e d   in  a  s e t   1-8  a r e   m o u n t e d   in  two  o f f s e t  

s l o p e d   s u b s e t s   152a   and  152b  f o r m i n g   a  s l o p e d   s e r r a t e d  

p a t t e r n .   (See  a l s o   F i g s .   15  and  16 . )   S u b s e t   151a  i n c l u d e s  

p r i n t   w i r e s   1-4  of  t h e   s e t   w h i l e   s u b s e t   152b  i n c l u d e s   p r i n t  

w i r e s   5 - 8 .   T h i s ,   c o m b i n e d   w i t h   a  s t r a i g h t   s u r f a c e   153  o n  

a c t u a t o r   b l o c k   77  and  a n g l e d   a c t u a t o r s   35,  F i g .   21,  r e p r e -  

s e n t   an  i n - l i n e   p r i n t   w i r e   f a c e - t o - p l a t e n   c o n d i t i o n   as  i n  

F i g .   22.  The  p r i n t   w i r e   f a c e - t o - p l a t e n   c o n d i t i o n   as  in  F i g .  

22.  The  p r i n t   w i r e   f a c e - t o - p l a t e n   d i s t a n c e ,   shown  as  X,  i s  

a t   a  min imum.   T h i s   p e r m i t s   a  h i g h e r   p r i n t i n g   r a t e   a n d  

p r e v e n t s   w i r e   b r e a k a g e .   The  o f f s e t   s l o p e d   p r i n t   w i r e   s e t s  

g i v e s   a  g r e a t e r   c l e a r a n c e   b e t w e e n   w i r e   p o s i t i o n s   w h i c h  

a l l o w s   a  l a r g e r   a c t u a t o r   c o i l   t o  b e   u s e d .  

Use  of  a  s t r a i g h t   s u r f a c e   153  i n s t e a d   of  t he   d o u b l e   a n g l e  

151  f a c i l i t a t e s   m a n u f a c t u r i n g   of  t he   a c t u a t o r   b l o c k   a n d  

t h e r e b y   r e d u c e s   c o s t .   H o w e v e r ,   b r a c k e t s   155  a r e   s t i l l   c u t  

a t   an  a n g l e   such   as  shown  in  F i g .   24.  The  a n g u l a r   r e l a t i o n -  

s h i p s   of  t he   p r i n t   a c t u a t o r s   35a  w i t h   r e s p e c t   to  t h e   p l a t e n  

f a c e s   in  F i g .   18  and  p r i n t   a c t u a t o r s   35  w i t h   r e s p e c t   to  t h e  

p l a t e n   f a c e   in  F i g .   21  a r e   s o m e w h a t   l a r g e r   t h a n   w o u l d   b e  

e n c o u n t e r e d   in  an  a c t u a l   i m p l e m e n t a t i o n   b u t   t h e y   a r e   s h o w n  

t h i s   way  to  make  t h e   r e l a t i o n s h i p s   e a s i e r   to  s e e .   In  c o n t r a s t ,  

an  a c t u a l   a n g u l a r   r e l a t i o n s h i p   m i g h t   be  s m a l l e r   such   as  t h e  

40  30'  a n g l e   f r o n t   f a c e   155a  on  b r a c k e t   155  of  a c t u a t o r   35 

in  F i g .   2 4 .  



F i g s .   2 3 - 2 6   i l l u s t r a t e   a  p r e f e r r e d   f o rm  of   a c t u a t o r   35.  A 
p r i n t   w i r e   i s   p r o v i d e d   h a v i n g   an  a r m a t u r e   w h i c h   i s   r e t a i n e d  
in   home  p o s i t i o n   by  a  p e r m a n e n t   m a g n e t .   When  p r i n t i n g   of   a  
d o t   i s   r e q u i r e d ,   an  e l e c t r o m a g n e t   i s   e n e r g i z e d   w h i c h   o v e r -  

comes   t h e   m a g n e t i c   f o r c e s   of   t h e   p e r m a n e n t   m a g n e t   and  p r o -  
p e l s   t h e   p r i n t   w i r e   t o w a r d   t h e   p a p e r .  

F i g .   23  i l l u s t r a t e s   one  s i d e   e l e v a t i o n   of   t h e   a c t u a t o r ,  
w h i l e   F i g .   24  i l l u s t r a t e s   t h e   o p p o s i t e   s i d e   e l e v a t i o n .   T h e  

a c t u a t o r   c o m p r i s e s   a  n u m b e r   of   e l e m e n t s   a r r a n g e d   in   a  g e n e -  
r a l l y   c o n c e n t r i c   m a n n e r   on  b r a c k e t   155.   I t   i s   n o t e d   t h a t  

F i g .   24  i s   s o m e w h a t   e n l a r g e d   r e l a t i v e   to  F i g .   23.  R e f e r e n c e  

i s   a l s o   made  to   F i g s .   25  and  26  f o r   d e t a i l s   of  t h e   i n d i v i -  

d u a l   c o m p o n e n t s   of  t h e   a c t u a t o r .   A l s o ,   i t   i s   n o t e d   t h a t  

some  s l i g h t   s t r u c t u r a l   d i f f e r e n c e s   a p p e a r   b e t w e e n   t h e   a c -  

t u a t o r   shown  in  F i g s .   2 3 - 2 6   and  t h o s e   i l l u s t r a t e d   in  F i g s .  

1 7 - 2 2 ,   t h e   a c t u a t o r s   in   F i g s .   1 7 - 2 2   b e i n g   more   d i a g r a m m a -  

t i c a l l y   i l l u s t r a t e d .   The  a c t u a t o r   i n c l u d e s   a  b a r r e l   136  f o r  

s u p p o r t i n g   p r i n t   w i r e   33  in   p r o p e r   r e l a t i o n s h i p   f o r   p r i n t i n g  

when  m o u n t e d   in   a c t u a t o r   b l o c k   77  and  g u i d e   79.  A t t a c h e d   t o  

t h e   l e f t m o s t   end  of   p r i n t   w i r e   33  as  v i e w e d   in   F i g .   25  i s   a n  

a r m a t u r e   156  w h i c h   i s   a r r a n g e d   a g a i n s t   a  s t o p   p o r t i o n   1 5 6 a  

of   an  a d j u s t m e n t   s c r e w   157  by  f o r c e s   e x e r t e d   f rom  a  p e r m a -  

n e n t   m a g n e t   158 .   A  l o c k   n u t   159 ,   F i g .   23,  r e t a i n s   a d j u s t m e n t  

s c r e w   157  in   p r o p e r   p o s i t i o n .   T h u s ,   when  n o t   a c t i v e ,   a r m a -  

t u r e   156  and  p r i n t   w i r e   33  a b u t   a g a i n s t   s t o p   1 5 7 a .   When  i t  

i s   d e s i r e d   to   a c t u a t e   p r i n t   w i r e   33,  e l e c t r o m a g n e t   160  i s  

r a p i d l y   i m p u l s e d   f rom  an  e x t e r n a l   s o u r c e   by  way  of  c o n n e c t o r s  

161.   E n e r g i z a t i o n   of  c o i l   160  o v e r c o m e s   t h e   m a g n e t i c   f l u x  

f o r c e s   of   p e r m a n e n t   m a g n e t   158  m o v i n g   a r m a t u r e   156  and  p r i n t  

w i r e   33  to   t h e   r i g h t   as  v i e w e d   in   F i g .   25  t h u s   c a u s i n g   t h e  

r i g h t m o s t   end  of   p r i n t   w i r e   33  w h i c h   i s   in   p r o x i m i t y   to   t h e  

f o r m s ,   to   p r i n t   a  d o t   on  t h e   f o r m s .   A  b o b b i n   h o u s i n g   162  i s  

made  of  m e t a l l i c   s u b s t a n c e s   to   p r o v i d e   a  s h i e l d i n g   e f f e c t  

w i t h   r e s p e c t   to   e l e c t r o m a g n e t   160 .   I t   i s   f o u n d   t h a t   t h i s  

has   b e e n   b e n e f i c i a l   when  n u m e r o u s   p r i n t   w i r e   a c t u a t o r s   a r e  

m o u n t e d   in   p o s i t i o n   on  a c t u a t o r   b l o c k   77  and  g u i d e   79  s i n c e  



i t   p r e v e n t s   s t r a y   i m p u l s e s   f rom  r e a c t i n g   f rom  one  a c t u a t o r  
to   a n o t h e r   n e a r l y   a c t u a t o r .   T h i s   has   p r o v e n   to  be  e x t r e m e l y  

a d v a n t a g e o u s   when  m u l t i p l e   p r i n t   a c t u a t o r s   a r e   p r o v i d e d   a s  
in   t h e   p r e s e n t   p r i n t e r .   A  c o r e   e l e m e n t   163  p r o v i d e s   a  
f o r w a r d   s t o p   l o c a t i o n   f o r   a r m a t u r e   156  in  r e a d i n e s s   f o r  

r e s t o r a t i o n   by  p e r m a n e n t   m a g n e t   158  a g a i n s t   s t o p   157a  a s  

s o o n   as  c u r r e n t   i s   r e m o v e d   f rom  c o i l   1 6 2 .  

F i g u r e   26  i s   an  end  e l e v a t i o n   of  h o u s i n g   162  a l o n g   t h e   l i n e s  

2 6 - 2 6   in  F i g u r e   2 5 .  

A l t e r n a t i v e   Forms  Feed  A s s e m b l y  

F i g s .   27  and  28  i l l u s t r a t e   an  a l t e r n a t i v e   s i n g l e   d i r e c t i o n  

f o r m s   f e e d   a s s e m b l y   170  w h i c h   f e e d s   f o r m s   o n l y   in  t he   u p w a r d  
d i r e c t i o n   as  v i e w e d   in  t h e s e   f i g u r e s .   In  c o n t r a s t   w i t h   t h e  

f o r m s   f e e d   a s s e m b l y   p r e v i o u s l y   d e s c r i b e d   in  c o n j u n c t i o n   w i t h  

F i g .   8,  t h i s   f o rms   f e e d   a s s e m b l y   has   o n l y   a  s i n g l e   u p p e r   s e t  

of  t r a c t o r s   171  and  172.   A  d r i v i n g   m o t o r   173  p r o v i d e s  

d r i v i n g   f o r c e   t h r o u g h   g e a r s   175  and  176  by  way  of  t i m i n g  

b e l t   178.   The  v a r i o u s   e l e m e n t s   c o m p r i s i n g   t he   fo rms   f e e d  

a s s e m b l y   a r e   s u p p o r t e d   in  a  l e f t   end  p l a t e   180  and  a  r i g h t  

end  p l a t e   181.   F i g .   28  i s   a  l e f t   end  e l e v a t i o n   of  t he   f o r m s  

f e e d   a s s e m b l y   170  i l l u s t r a t i n g   t h e   p o s i t i o n a l   r e l a t i o n s h i p s  

of  m o t o r   173,   t i m i n g   b e l t   178  and  o t h e r   e l e m e n t s .   A  c o v e r  

p l a t e   182  c o v e r s   t i m i n g   b e l t   178  d u r i n g   o p e r a t i o n s .   D r i v i n g  

of  t h e   p i n   f e e d s   on  t he   two  t r a c t o r s   171  and  172  i s   a n a l o g o u s  

to  t h e   d r i v i n g   of  t h e   p in   f e e d s   f o r   f o rms   f e e d   a s s e m b l y   20 

i l l u s t r a t e d   in  F i g .   8  and  p r e v i o u s l y   d e s c r i b e d .   In  f o r m s  

f e e d   a s s e m b l y   170,   t he   t r a c t o r   d r i v e   i n c l u d e s   a  d r i v e   s h a f t  

1 8 3 .  

L a t e r a l   s u p p o r t   f o r   t he   fo rms   f e e d   a s s e m b l y   170  is  p r o v i d e d  

by  an  u p p e r   s u p p o r t   185  and  a  l o w e r   s u p p o r t   186.  The  a s s e m -  

b l y   a l s o   i n c l u d e s   a  p l a t e n   member  29a .   O t h e r   e l e m e n t s   s u c h  

as  knobs   1  and  22a ,   66a ,   and  96a  a r e   a n a l o g o u s   to  t h e i r  

c o u n t e r p a r t   e l e m e n t s   122,   66,  and  96  shown  in  F i g .   3.  T h e  



z o n t a l   d o t   c o l u m n s   (1  and  9)  a r e   f o r   s p a c i n g   b e t w e e n   c h a -  

r a c t e r s .   A n y  o n e   w i r e   can  p r i n t   a  d o t   in  f o u r   of  t h e   s e v e n  

r e m a i n i n g   h o r i z o n t a l   d o t   p o s i t i o n s   (2  t h r o u g h   8) .   T h e  

p r i n t e r   can  p r i n t   10  c h a r a c t e r s   p e r   i n c h   or  15  c h a r a c t e r s  

p e r   i n c h .  

Most   of  t he   c h a r a c t e r s   p r i n t e d   use   t he   top   s e v e n   w i r e s   i n  

t h e   g r o u p   to  p r i n t   a  c h a r a c t e r   in  a  f o r m a t   (or  m a t r i x )   t h a t  

i s   s e v e n   d o t s   h i g h   and  s e v e n   d o t s   w i d e .   The  e i g h t h   ( b o t t o m )  

w i r e   i s   u s e d   f o r   c e r t a i n   l o w e r   c a s e   c h a r a c t e r s ,   s p e c i a l  

c h a r a c t e r s ,   and  u n d e r l i n i n g .  

The  number   of  p r i n t   w i r e   g r o u p s   v a r i e s   a c c o r d i n g   to  t h e  

p r i n t e r   m o d e l ,   and  t y p i c a l l y   can  be  2,  4,  6  or  8  g r o u p s .  

P r i n t i n g   s p e e d   i n c r e a s e s   w i t h   e a c h   a d d i t i o n a l   w i r e   g r o u p .  

T h e r e   a r e   16  c h a r a c t e r   s e t s   s t o r e d   in  t he   p r i n t e r   c o n t r o l  

u n i t .   Any  of  t h e s e   s e t s   may  be  s p e c i f i e d   f o r   use   by  t h e  

u s i n g   s y s t e m   p r o g r a m .  

F i g .   31  is   a  r e p r e s e n t a t i o n   of  t he   e m i t t e r   g l a s s   71  a l s o  

shown  in  F i g s .   7  and  8  and  a s s o c i a t e d   w i t h   t he   p r i n t   m e c h a -  

n i sm  21.  I t   has   s e c t i o n s   c a l l e d   "Ramp",   "Home",   and  " L e f t  

M a r g i n " .   T h e s e   a r e   c o d e d   s e c t i o n s ,   d e s i g n a t e d   T r a c k   A ,  

T r a c k   B,  and  T r a c k   C.  T r a c k   B  is  s o m e t i m e s   r e f e r r e d   to  a s  

t he   " T u r n a r o u n d "   t r a c k .   "Home"  is  i n d i c a t e d   by  a l l   t h r e e  

t r a c k s   b e i n g   c l e a r .   "Ramp"  is   when  T r a c k   A  and  T r a c k   C  a r e  

c l e a r ,   b u t   T r a c k   B  is   o p a q u e .   " L e f t   M a r g i n "   is   when  o n l y  

T r a c k   C  is   c l e a r ,   and  T r a c k s   A  and  B  a re   o p a q u e .   L e f t  

M a r g i n   can  be  t o l d   f rom  R i g h t   M a r g i n   b e c a u s e   T r a c k   B  i s  

c l e a r   on  R i g h t   M a r g i n   w h e r e a s   T r a c k   B  is  o p a q u e   on  L e f t  

M a r g i n .   For  c o n v e n i e n c e ,   g l a s s   71  is   shown  in  a  more  n o r m a l  

r e p r e s e n t a t i o n   w i t h   t he   l e f t   m a r g i n   a r e a s   to   t he   l e f t   a n d  

t he   r i g h t   m a r g i n   a r e a s   to  t he   r i g h t .   In  a c t u a l i t y ,   t h e  

e m i t t e r   g l a s s   71  i s   p h y s i c a l l y   l o c a t e d   in  t he   m a c h i n e   w i t h  

t h e   r i g h t - h a n d   p a r t   in  F i g .   31  t o w a r d   t he   l e f t   and  t h e  

l e f t - h a n d   p a r t   in  F i g .   31  t o w a r d   t he   r i g h t   as  v i e w e d   i n  



F i g s .   7  and  8.  T h i s   i s   due  to   t h e   f a c t   t h a t   t he   a s s o c i a t e d  

o p t i c a l   s e n s o r   72  i s   p h y s i c a l l y   l o c a t e d   a t   t h e   r i g h t m o s t  

a r e a   of   t h e   s t r i p   when  t h e   p r i n t   m e c h a n i s m   is   in  home  p o s i -  
t i o n ,   and  g l a s s   71  a c t u a l l y   i s   moved  p a s t   t h e   o p t i c a l   s e n s o r  
a s s e m b l y   72  f r o m   l e f t   to   r i g h t   as  t h e   p r i n t   m e c h a n i s m   m o v e s  
f r o m   l e f t   to   r i g h t   away  f rom  home  p o s i t i o n .  

F i g .   32  i l l u s t r a t e s   t h e   d e v e l o p m e n t   of   e m i t t e r   p u l s e s   f r o m  

t h e   e m i t t e r   s t r i p   35  shown  in  F i g .   31,  t h e   s i g n a l s   b e i n g  
t e r m e d   " r e a l   e m i t t e r s "   when  a c t u a l l y   s e n s e d   f rom  T r a c k   A .  

" O p t i o n "   e m i t t e r s   ( s o m e t i m e s   r e f e r r e d   to   as  " f a l s e "   e m i t -  

t e r s )   a r e   d e v e l o p e d   e l e c t r o n i c a l l y   in   t h e   p r i n t e r   c o n t r o l  

u n i t .   The  u se   of  e m i t t e r   70  in   k e e p i n g   t r a c k   of  p r i n t i n g  
l o c a t i o n   i s   d e s c r i b e d .   The  e m i t t e r   t e l l s   t h e   e l e c t r o n i c s  

when  t h e   w i r e s   a r e   in   a  p r o p e r   p o s i t i o n   to   be  f i r e d   to  p r i n t  
t h e   d o t s   in   c o r r e c t   l o c a t i o n s .   I t   e s s e n t i a l l y   d i v i d e s   t h e  

p r i n t   l i n e   i n t o   c o l u m n a r   s e g m e n t s ,   e a c h   one  of  w h i c h   i s  

a v a i l a b l e   to  t h e   e l e c t r o n i c s   to  l a y   down  a  p r i n t   d o t .   T r a c k  

A,  t h e   b a s i c   t r a c k   w h i c h   c o n t r o l s   t h e   p r i n t i n g   of  d o t s   h a s  

s p a c i n g s   of  0 , 5 6   mm.  T h i s   c o r r e s p o n d s   to   two  p r i n t   c o l u m n s  

d i s t a n c e   on  t h e   e m i t t e r   in   a  n o r m a l   p r i n t   c y c l e   and  f o r   t e n  

c h a r a c t e r s   p e r   i n c h   one  o p t i o n   i s   i n s e r t e d   h a l f w a y   in  b e t -  

w e e n .  

E a c h   e m i t t e r   t r a c k   a c t u a t e s   one  p a i r   of   l i g h t   e m i t t i n g  

d i o d e - p h o t o   t r a n s i s t o r   (LED-PTX)  s e n s o r s   w i t h i n   s e n s o r  

a s s e m b l y   72.  T r a c k   A  p r o v i d e s   p r i n t   i n i t i a t i o n   p u l s e s ,  

T r a c k   B  p r o v i d e s   t u r n a r o u n d   i n f o r m a t i o n ,   and  T r a c k   C  i n d i -  

c a t e s   i f   t h e   p r i n t   h e a d s   a r e   in   e i t h e r   l e f t   or   r i g h t   m a r g i n .  

I f   t h e   l i n e   to   be  p r i n t e d   i s   s h o r t e r   t h a n   t h e   maximum  p r i n t  

l i n e   l e n g t h ,   t y p i c a l l y   3 3 0 , 2   mm,  t h e n   a  s i g n a l   f o r   t u r n a r o u n d  

( r e v e r s a l   of   p r i n t   m o t o r   76  d i r e c t i o n )   i s   g i v e n   as  soon   a s  

t h e   l a s t   c h a r a c t e r   has   b e e n   p r i n t e d .   The  m o t o r   now  d e c e l e -  

r a t e s   u n t i l   i t   comes  to   a  s t o p ,   and  t h e n   i m m e d i a t e l y   a c c e -  

l e r a t e s   in   t h e   r e v e r s e   d i r e c t i o n   u n t i l   n o m i n a l   s p e e d   i s  

r e a c h e d .  



To  k e e p   t r a c k   of  t h e   p r i n t   h e a d   p o s i t i o n ,   t he   number   o f  

e m i t t e r s   of  T r a c k   A  a r e   c o u n t e d .   The  A  s e n s o r   k e e p s   i n c r e a -  

s i n g   t h e   c o u n t   r e g a r d l e s s   of  w h e t h e r   t h e   p r i n t   a s s e m b l y  

moves   to   t h e   r i g h t   or   l e f t .   In  o r d e r   to  i n d i c a t e   t h e   t r u e  

p o s i t i o n   of  t h e   p r i n t   a s s e m b l y ,   p r o v i s i o n   i s   made  e l e c t r o -  

n i c a l l y   to   c o n v e r t   t h i s   c o u n t   so  t h a t   t he   c o u n t   i n c r e a s e s  

when  t h e   p r i n t   a s s e m b l y   moves  in  one  d i r e c t i o n   and  t h e   c o u n t  

d e c r e a s e s   when  m o v i n g   in  t h e   o p p o s i t e   d i r e c t i o n .  

In  o r d e r   to   a c c o m p l i s h   t h i s ,   T r a c k   B  has   been   a d d e d .   I t   i s  

a s s u m e d   t h a t   t h e   p r i n t   a s s e m b l y   is   mov ing   to  t h e   r i g h t .  
A f t e r   t h e   l a s t   c h a r a c t e r   has  been   p r i n t e d   and  t he   s i g n a l   f o r  

t u r n a r o u n d   has   been   g i v e n ,   t he   p r i n t   a s s e m b l y   w i l l   c o n t i n u e  

to  move  to  t h e   r i g h t   and  t he   c o u n t   w i l l   i n c r e a s e .   H o w e v e r ,  

as  soon   as  t h e   n e x t   t r a n s i t i o n   has  b e e n   r e a c h e d   on  T r a c k   B ,  

t h e   c o u n t   i s   f r o z e n .   The  p r i n t   head   now  comes  to  a  s t o p   a n d  

r e v e r s e s .   When  i t   a g a i n   p a s s e s   t he   t r a n s i t i o n   w h e r e   t h e  

c o u n t   was  f r o z e n ,   t h e   e m i t t e r   c o u n t s   w i l l   now  be  s u b t r a c t e d  

and  a  t r u e   p o s i t i o n   i n d i c a t i o n   is   m a i n t a i n e d   by  t h e   c o u n t e r  

f o r   T r a c k   A .  

The  l e n g t h   of  t he   T r a c k   B  s e g m e n t s   a r e   c h o s e n   to  be  l o n g e r  

t h a n   t h e   d i s t a n c e   i t   t a k e s   t h e   p r i n t   h e a d   to  come  to  a  s t o p .  

The  h i g n e r   t h e   p r i n t   head   s p e e d   and  t he   l o n g e r   t h e   t u r n a -  

r o u n d   t i m e ,   t he   l o n g e r   mus t   be  t he   T r a c k   B  s e g m e n t s .   T h u s ,  

i f   t h e   l i n e   i s   s h o r t e r   t h a n   132  c h a r a c t e r s   a t   t e n   c h a r a c t e r s  

p e r   i n c h ,   t h e   c a r r i e r   need   n o t   t r a v e l   a l l   t he   way  to  t h e  

r i g h t   end  of  t he   p r i n t   l i n e .   I t   may  t u r n   a r o u n d   soon   a f t e r  

t he   p r i n t i n g   i s   c o m p l e t e d .  

F i g s .   33A  and  33B,  when  a r r a n g e d   as  shown  in  F i g .   34,  c o m -  

p r i s e   a  d i a g r a m   s h o w i n g   t h e   p h y s i c a l   r e l a t i o n s h i p   of  t h e  

p r i n t   h e a d s   when  in  t he   home  p o s i t i o n   r e l a t i v e   to  c h a r a c t e r  

l o c a t i o n s   on  a  form  to  be  p r i n t e d .   In  a d d i t i o n ,   t h e   e m i t t e r  

r e l a t i o n s h i p s   a r e   s h o w n .  

In  F i g .   33A,  p r i n t   head   1,  c o m p r i s i n g   e i g h t   p r i n t   w i r e s ,   i s  



n o r m a l l y   to   t h e   l e f t   of   t h e   n o m i n a l   l e f t   m a r g i n   when  in  h o m e  

p o s i t i o n .   P r i n t   h e a d   2  l i e s   to  t h e   r i g h t   of  t h e   l e f t   m a r g i n  
when  t h e   p r i n t   a s s e m b l y   i s   in   home  p o s i t i o n   and  t h e   o t h e r  

p r i n t   h e a d s   up  to   e i g h t ,   as  an  e x a m p l e ,   a r e   p h y s i c a l l y  
l o c a t e d   a t   s u c c e s s i v e l y   f u r t h e r   p o s i t i o n s   to   t h e   r i g h t   i n  

r e l a t i o n   to   t h e   f o r m .   The  p r i n t   w i r e s   a r e   a r r a n g e d   in  a  

s l o p e d   s e r r a t e d   p a t t e r n   and  a r e   d i s p l a c e d   two  c h a r a c t e r  

p o s i t i o n s   a p a r t   h o r i z o n t a l l y ,   as  shown  in   F i g .   37,  and  o n e  

d o t   l o c a t i o n   a p a r t   v e r t i c a l l y .   In  o r d e r   to   p r i n t   t h e   c h a r a c -  

t e r   "H"  as  shown  in  i n s e t   195 ,   i t   i s   n e c e s s a r y   t h a t   a l l   o f  

t h e   p r i n t   w i r e s   in   p r i n t   h e a d   1  sweep   p a s t   t h e   "H"  c h a r a c t -  

e r   l o c a t i o n   to   e f f e c t   p r i n t i n g   of  t h e   i n d i v i d u a l   d o t s .   A s  

e a c h   w i r e   p a s s e s   by  and  r e a c h e s   t h e   a p p r o p r i a t e   p o s i t i o n   f o r  

p r i n t i n g   of   i t s   a s s i g n e d   d o t   l o c a t i o n s   in   a  v e r t i c a l   d i r e c -  

t i o n ,   i t   i s   f i r e d .   T h u s ,   f o r m a t i o n   of  c h a r a c t e r s   t a k e s   p l a c e  

in   a  f l o w i n g   or   u n d u l a t i n g   f a s h i o n   i n s o f a r   as  t h e   p r i n t i n g  

of   t h e   d o t s   i s   c o n c e r n e d .   T h a t   i s ,   an  e n t i r e   v e r t i c a l  

c o l u m n   of  d o t s   as  in   t h e   l e f t - h a n d   p o r t i o n   of  t h e   c h a r a c t e r  

"H"  i s   n o t   f o r m e d   a l l   a t   o n c e   b u t   i s   f o r m e d   in  s u c c e s s i o n   a s  

t h e   e i g h t   w i r e s   in   p r i n t   h e a d   1  sweep  p a s t   t h a t   c o l u m n .  

T h i s   i s   t r u e   of  t h e   p r i n t i n g   of  a l l   o t h e r   c h a r a c t e r   c o l u m n s ,  

as  w e l l .   As  a  r e s u l t   of  t h i s ,   e a c h   p r i n t   h e a d   i s   r e q u i r e d  

to  p a s s   a t   l e a s t   f a r   e n o u g h   so  t h a t   a l l   of  t h e   w i r e s   in  t h a t  

p r i n t   h e a d   w i l l   be  a b l e   to  p r i n t   b o t h   t h e   f i r s t   v e r t i c a l  

c o l u m n   of  d o t s   in   t h e   f i r s t   c h a r a c t e r   r e q u i r e d   as  w e l l   a s  

t h e   l a s t   c o l u m n   of  d o t s   in   t h e   l a s t   c h a r a c t e r   to  be  p r i n t e d  

in   t h e   g r o u p   of  c h a r a c t e r   l o c a t i o n s   a s s i g n e d   to   t h a t   p r i n t  

h e a d .  

A c c o r d i n g l y ,   p r i n t   h e a d   1,  d u r i n g   p r i n t i n g   m o v e m e n t   o f  

c a r r i e r   31,  p r i n t s   a l l   of  t h e   c h a r a c t e r s   t h a t   n o r m a l l y   w o u l d  

a p p e a r   u n d e r n e a t h   p r i n t   h e a d   2  when  t h e   p r i n t   h e a d s   a r e   i n  

t h e i r   home  p o s i t i o n .   The  p r i n t i n g   of  d o t s   a s s o c i a t e d   w i t h  

p r i n t   h e a d   2  t a k e s   p l a c e   u n d e r   t h e   home  p o s i t i o n   f o r   p r i n t  

h e a d   3  and  so  o n .  

I n s e t   196  i l l u s t r a t e s   t h e   r e l a t i o n s h i p   of   r e a l   and  o p t i o n a l  



e m i t t e r s ,   s o m e t i m e s   r e f e r r e d   to  as  " f a l s e "   e m i t t e r s ,   f o r  

b o t h   t e n   c h a r a c t e r s   pe r   i n c h   and  f i f t e e n   c h a r a c t e r s   p e r  
i n c h .   D u r i n g   t h e   p r i n t i n g   of  c h a r a c t e r s   a t   t en   c h a r a c t e r s  

p e r   i n c h ,   r e a l   e m i t t e r s   a r e   f o u n d   as  i n d i c a t e d .   T h e s e   a r e  

p h y s i c a l   r e a l   e m i t t e r s   d e r i v e d   f rom  t h e   e m i t t e r   g l a s s   71  a s  

t h e   p r i n t   a s s e m b l y   sweeps   f rom  l e f t   to   r i g h t   or  r i g h t   t o  

l e f t   d u r i n g   p r i n t i n g .   The  same  r e a l   e m i t t e r s   a r e   u s e d   f o r  

p r i n t i n g   a t   f i f t e e n   c h a r a c t e r s   p e r   i n c h .   H o w e v e r ,   w h e n  

p r i n t i n g   i s   a t   t e n   c h a r a c t e r s   pe r   i n c h ,   one  a d d i t i o n a l  

( o p t i o n a l )   e m i t t e r   i s   n e c e s s a r y   b e t w e e n   e a c h   s u c c e s s i v e   p a i r  
of  r e a l   e m i t t e r s   to   fo rm  t h e   i n d i v i d u a l   c h a r a c t e r s   w h i l e ,   i f  

c h a r a c t e r s   a r e   p r i n t e d   a t   f i f t e e n   c h a r a c t e r s   pe r   i n c h ,   t w o  

a d d i t i o n a l   ( o p t i o n a l )   e m i t t e r s   a r e   r e q u i r e d   b e t w e e n   e a c h  

s u c c e s s i v e   p a i r   of  r e a l   e m i t t e r s   to  h a n d l e   t h e   p r i n t i n g   o f  

d o t s   f o r   t h o s e   c h a r a c t e r s .  

I n s e t   197,   F i g .   33A,  i l l u s t r a t e s   t h e   c h a r a c t e r   l o c a t i o n s  

a s s o c i a t e d   w i t h   t h e   r i g h t m o s t   p r i n t   w i r e   of  p r i n t   head   2  a n d  

t h e   l e f t m o s t   p r i n t   w i r e   of  p r i n t   head   3.  P r i n t   h e a d s   4 - 7  

a r e   n o t   shown  s i n c e   the   r e l a t i o n s   e s s e n t i a l l y   r e p e a t   t h o s e  

shown  w i t h   r e s p e c t   to  p r i n t   h e a d s   1 - 3 .   The  r i g h t m o s t   w i r e s  

of  p r i n t   head   8  a r e   shown  in  I n s e t   198,   F i g .   33B.  In  a d d i -  

t i o n ,   I n s e t   199  shows  t h a t   f o r   t en   c h a r a c t e r s   pe r   i n c h ,   132  

c h a r a c t e r s   can  be  a c c o m m o d a t e d   in  a  f u l l   p r i n t   l i n e   w h i l e  

f o r   f i f t e e n   c h a r a c t e r s   p e r   i n c h ,   198  c h a r a c t e r s   a re   a c c o m m o -  

d a t e d .  

F i g .   35  i s   a  h i g h l y   d i a g r a m m a t i c   b l o c k   d i a g r a m   of  t he   g e n e -  

r a l   r e l a t i o n s h i p   of  v a r i o u s   s y s t e m   and  c o n t r o l   u n i t   c o m p o -  

n e n t s   i n c l u d i n g   t h e   two  m i c r o p r o c e s s o r s   200  and  210  ( a l s o  

d e s i g n a t e d   MPA  and  MPB),  t he   Head  Image  G e n e r a t o r   220  a n d  

t h e   r a n d o m   a c c e s s   memory  217  and  i n d i c a t e s   how  the   i n f o r m a -  

t i o n   i s   t r a n s f e r r e d   t h a t   i s   g e n e r a t e d   by  the   Head  I m a g e  

G e n e r a t o r   to  p r i n t   d o t s   on  t h e   p a p e r   by  a c t u a t i o n   of  t h e  

a c t u a t o r s .  

M i c r o p r o c e s s o r   200  h a n d l e s   c o m m u n i c a t i o n s ; m i c r o p r o c e s s o r   210  



h a n d l e s   t h e   c o n t r o l   of  t h e   s u b s y s t e m s .   M i c r o p r o c e s s o r   2 0 0  

s e t s   up  in   memory  217  t h e   c o u n t   and  t h e   t e x t   b u f f e r   t h a t   i s  

to   be  p r i n t e d   a t   a  s e l e c t e d   a d d r e s s a b l e   l o c a t i o n .   T h e  

i n f o r m a t i o n   i s   t h e n   p a s s e d   o v e r   to   m i c r o p r o c e s s o r   210  or  t h e  

b u f f e r   t h a t   i s   to   be  u s e d .   The  c o u n t   i s   p a s s e d   to  t h e   H e a d  

I m a g e   G e n e r a t o r   220  and  a l s o   t h e   a d d r e s s   in   memory  217  w h i c h  

i s   t h e   t e x t   b u f f e r   to   be  p r i n t e d .   Head  Image   G e n e r a t o r  

(HIG)  220 ,   k n o w i n g   t h e   b u f f e r   to   be  p r i n t e d ,   a c c e s s e s   m e m o r y  
217  and  d e f i n e s   t h e   d o t s   f o r   t h e   c h a r a c t e r s   to   be  p r i n t e d   a t  

e a c h   of   t h e   s u c c e s s i v e   c o l u m n s   a s s i g n e d   to   e a c h   p r i n t   h e a d  

as  p r i n t   c a r r i e r   31  moves   d u r i n g   p r i n t i n g .   HIG  p a s s e s   t h e  

d a t a   to   t h e   C o n t r o l   m i c r o p r o c e s s o r   210  g i v i n g   i t   a l l   t h e  

d o t s   to   be  p r i n t e d   a t   t h a t   p a r t i c u l a r   t i m e .   T h i s   i s   r e p r e -  
s e n t e d   in   F i g .   37  w h i c h   i n c l u d e s   a  p o r t i o n   of  head   1  and  a l l  

of   h e a d   2.  F i g .   37  i l l u s t r a t e s   p r i n t i n g   a t   t e n   c h a r a c t e r s  

p e r   i n c h .   A  s t r i n g   of  " H ' s "   i s   a s s u m e d   to  r e q u i r e   p r i n t i n g .  

The  d a r k e n e d   d o t s   of   t h e   " H ' s "   r e p r e s e n t   t h e   w i r e s   a b o v e  

t h e m   t h a t   w i l l   a c t u a l l y   p r i n t   t h a t   d o t .   For   e x a m p l e ,   i n  

p r i n t   h e a d   1,  w i r e   4  p r i n t s   t h e   f o u r t h   d o t   down  in  t h e   f i r s t  

c o l u m n   of   t h e   l e f t m o s t   "H".   T h i s   i s   t h e   s e c o n d   s l i c e   o f  

f i r i n g   f o r   t h a t   p a r t i c u l a r   c h a r a c t e r   w i t h   a n o t h e r   t h r e e   w i r e  

f i r e s   b e i n g   r e q u i r e d   f o r   w i r e   4  to   c o m p l e t e   t h e   h o r i z o n t a l  

b a r   p o r t i o n   of   t h e   "H".  The  o t h e r   s e v e n   w i r e s   in  p r i n t   h e a d  

1  f i r e   a t   a p p r o p r i a t e   t i m e s   to  c o m p l e t e   t h e i r   a s s i g n e d  

h o r i z o n t a l   rows  in   t h a t   c h a r a c t e r .   At  h e a d   2,  w i r e   1  i s  

o v e r   an  "H";  t h e r e   i s   no  w i r e   o v e r   t h e   n e x t   "H";  and  w i r e   5 

i s   o v e r   t h e   t h i r d   "H".  I f   p r i n t i n g   was  a t   f i f t e e n   c h a r a c t e r s  

p e r   i n c h ,   t h e r e   w o u l d   be  no  w i r e s   o v e r   two  c h a r a c t e r s   b e t -  

ween  w i r e s   1  a n d   5  of  h e a d   2,  r a t h e r   t h a n   j u s t   one  c h a r a c t e r  

as  i l l u s t r a t e d .  

The  w i r e   l a y o u t   of   "1  5  2  6  3  7  4  8 "   in   F i g .   37  r e l a t e s   t o  

t h e   l a y o u t   in   F i g .   36  w h e r e   i t   is   shown  how  an  "H"  i s   l a i d  

o u t   in   r e l a t i o n   to   t h e   a c t u a l   w i r e   s l i c e s .  

P r i n t e r   A t t a c h m e n t  

The  p r i n t e r   s u b s y s t e m s   may  be  c o n n e c t e d   by  an  i n t e r f a c e  



c a b l e   to  a  c o n t r o l l i n g   d e v i c e   ( c o n t r o l l e r ) .   The  p r i n t e r   c a n  
be  c o n n e c t e d   to  t h e   c o n t r o l l i n g   d e v i c e   i t s e l f ,   or  to  a n o t h e r  

p r i n t e r   (or  work  s t a t i o n   u n i t )   w i t h   a d d i t i o n a l   c a b l i n g .  

C o n t r o l l i n g   D e v i c e  

The  c o n t r o l l i n g   d e v i c e   to  w h i c h   t he   p r i n t e r   s u b s y s t e m   i s  

a t t a c h e d   may  be  a  h o s t   c o m p u t e r   s y s t e m ,   F i g .   38,  or  a  
c o n t r o l l e r   a t   a  r e m o t e   work  s t a t i o n ,   F i g .   39.  In  e i t h e r  

c a s e ,   a l l   i n f o r m a t i o n   t r a n s f e r s   ( e x c h a n g e s )   b e t w e e n   t h e  

c o n t r o l l i n g   d e v i c e   and  t h e   p r i n t e r   c o n t r o l   u n i t   a re   s t a r t e d  

f rom  t h e   c o n t r o l l i n g   d e v i c e   by  a  command.  I n f o r m a t i o n  

t r a n s f e r s   o r d i n a r i l y   a r e   n o t   i n i t i a t e d   by  t he   p r i n t e r .  

In  some  a p p l i c a t i o n s ,   t h e   p r i n t e r   s u b s y s t e m   may  be  d i r e c t l y  
c o n n e c t e d   to  a  h o s t   c o m p u t e r   s y s t e m ,   as  in  F i g .   38.  In  s u c h  

a p p l i c a t i o n s ,   a l l   commands  ( o p e r a t i o n a l   and  f o r m a t t i n g )   a r e  

s u p p l i e d   by  the   c o m p u t e r ,   a l o n g   w i t h   t he   d a t a   to  be  p r i n t e d .  

R e s p o n s e s   f rom  t he   p r i n t e r   a r e   s e n t   d i r e c t l y   to  t he   c o m p u t e r  

f rom  t h e   p r i n t e r   c o n t r o l   u n i t .  

In  o t h e r   a p p l i c a t i o n s ,   F i g .   39,  t he   p r i n t e r   s u b s y s t e m   may  b e  

c o n n e c t e d   to  a  work  s t a t i o n   c o n t r o l l e r ,   w h i c h   in  t u r n   i s  

r e m o t e l y   c o n n e c t e d   to  a  h o s t   c o m p u t e r   s y s t e m   by  a  c o m m u n i -  

c a t i o n s   n e t w o r k  -   such   as  S y s t e m s   N e t w o r k   A r c h i t e c t u r e /  

S y n c h r o n o u s   Da ta   L i n k   C o n t r o l   (SNA/SDLC).   In  such  a p p l i c a t i o n s ,  

i n f o r m a t i o n   ( d a t a )   to  be  p r i n t e d   and  p r i n t e r   f o r m a t t i n g  

commands  a re   t r a n s f e r r e d   f rom  t he   c o m p u t e r   s y s t e m   to  t h e  

work   s t a t i o n   c o n t r o l l e r .   The  work  s t a t i o n   c o n t r o l l e r   t h e n  

g e n e r a t e s   the   o p e r a t i o n a l   commands  and  t r a n s f e r s   a l l   t h i s  

i n f o r m a t i o n   to  the   p r i n t e r .   R e s p o n s e s   f rom  t he   p r i n t e r   a r e  

s e n t   to  t he   work  s t a t i o n   c o n t r o l l e r   t h e n   to  t he   c o m p u t e r  

s y s t e m   by  the   c o m m u n i c a t i o n s   n e t w o r k .  

C a b l e   T h r o u g h   C o n n e c t o r  

The  C a b l e   T h r o u g h   C o n n e c t o r   f e a t u r e ,   F i g .   40,  c o n n e c t s  

m u l t i p l e   p r i n t e r s   or  o t h e r   work  s t a t i o n   u n i t s   on  the   s a m e  



i n t e r f a c e   c a b l e   l i n e   to   t h e   s y s t e m   or  c o n t r o l l e r .  

U n i t s   w i t h   t h i s   f e a t u r e   h a v e   a d d r e s s - s e t t i n g   s w i t c h e s   and  a n  
a d d i t i o n a l   c a b l e   c o n n e c t o r .   The  c u s t o m e r   a s s i g n s   a  u n i q u e  
a d d r e s s   to  e a c h   u n i t   on  t h e   c a b l e   c o n n e c t o r   l i n e   and  s e t s  

t h e   a d d r e s s   s w i t c h e s   a t   i n s t a l l a t i o n   t i m e .   The  f e a t u r e   i s  

n o t   n e e d e d   on  t h e   l a s t   u n i t   on  t h e   l i n e .   The  n u m b e r   o f  

u n i t s   t h a t   can  be  c o n n e c t e d   to   t h e   same  l i n e   d e p e n d s   on  t h e  

c a p a b i l i t y   of  t h e   c o n t r o l l i n g   d e v i c e .  

W i t h   t h i s   f e a t u r e ,   t h e   maximum  c a b l e   l e n g t h   r e s t r i c t i o n   i s  

f r o m   t h e   c o n t r o l l i n g   d e v i c e   to  t h e   l a s t   u n i t   on  t h e   l i n e .  

A u d i b l e   A l a r m  

The  o p t i o n a l   a l a r m   p r o d u c e s   a  t o n e   t h a t   a l e r t s  t h e   o p e r a t o r  

to   c o n d i t i o n s   t h a t   r e q u i r e   o p e r a t o r   a t t e n t i o n .  

I n t e r f a c e   C a b l e  

The  i n t e r f a c e   c a b l e   may  be  e i t h e r   c o a x i a l   or  t w i n a x i a l .  

R e p r e s e n t a t i v e   maximum  c a b l e   l e n g t h s   f rom  t h e   c o n t r o l l e r   t o  

t h e   l a s t   d e v i c e   on  t h e   i n t e r f a c e   a r e :  

C o a x i a l   c a b l e   -  610  m 

T w i n a x i a l   c a b l e  -   1525  m 

The  t y p e   of   c a b l e   s e l e c t e d   d e p e n d s   on  t h e   r e q u i r e m e n t s   o f  

t h e   c o n t r o l l i n g   d e v i c e   to   w h i c h   t h e   p r i n t e r   s u b s y s t e m   i s  

a t t a c h e d .  

I n f o r m a t i o n   T r a n s f e r  

D a t a   S t r e a m  

A l l   i n f o r m a t i o n   t r a n s f e r r e d   b e t w e e n   t he   c o n t r o l l i n g   d e v i c e  

and  t h e   p r i n t e r   s u b s y s t e m   is   in   t h e   form  of  a  s e r i a l   " s t r e a m "  

of  i n f o r m a t i o n   b i t s ,   F i g s .   41.  C o n t a i n e d   in  t h i s   s t r e a m   a r e :  



B i t   s y n c h r o n i z a t i o n   p a t t e r n s  

F rame   s y n c h r o n i z a t i o n   p a t t e r n s  

D a t a   f r a m e s  

The  b i t   and  f r a m e   s y n c h r o n i z a t i o n   ( sync )   p a t t e r n s   e s t a b l i s h  

t i m i n g   c o n t r o l   b e t w e e n   t h e   c o n t r o l l i n g   d e v i c e   and  t h e   p r i n -  
t e r .   The  d a t a   f r a m e   i s   t h e   u n i t   of  i n f o r m a t i o n   u s e d   t o  

t r a n s f e r   a l l   commands ,   d a t a   to  be  p r i n t e d ,   and  s t a t u s  
i n f o r m a t i o n .  

The  d a t a   s t r e a m   can  f l ow  in  e i t h e r   d i r e c t i o n   on  t h e   i n t e r -  

f a c e   c a b l e  -   b u t   o n l y   in  one  d i r e c t i o n   a t   a  t i m e   ( h a l f -  

d u p l e x ) .   The  c o n t r o l l i n g   d e v i c e   a l w a y s   i n i t i a t e s   t he   d a t a  

s t r e a m   f l o w   f o r   e i t h e r   d i r e c t i o n .   Only  one  d e v i c e   on  t h e  

i n t e r f a c e   can  be  c o m m u n i c a t i n g   w i t h   t h e   c o n t r o l l i n g   d e v i c e  

a t   a  t i m e .  

The  d a t a   s t r e a m   f l o w s   on  t he   i n t e r f a c e   f o r   e a c h   t r a n s f e r   o f  

s i n g l e   or  m u l t i p l e   f r a m e s   of  i n f o r m a t i o n .   The  c a b l e   c a r r i e s  

no  s i g n a l   b e t w e e n   i n f o r m a t i o n   t r a n s f e r s .  

In  a  t y p i c a l   i n f o r m a t i o n   t r a n s f e r   f rom  c o n t r o l l e r   to  p r i n t e r ,  

t h e   i n f o r m a t i o n   s t r e a m   may  be  a  m i x t u r e   of  o p e r a t i o n a l  

commands ,   f o r m a t t i n g   commands ,   and  d a t a   to  be  p r i n t e d .  

B l o c k s   of  up  to  256  f r a m e s   may  be  i n c l u d e d   in  t he   i n f o r m a -  

t i o n   s t r e a m   f o r   a  g i v e n   t r a n s f e r .  

The  i n f o r m a t i o n   s t r e a m   f o r   any  i n f o r m a t i o n   t r a n s f e r   a l w a y s  

b e g i n s   w i t h   t he   b i t - s y n c   and  f r a m e - s y n c   p a t t e r n s ,   and  e n d s  

w i t h   an  e n d - o f - m e s s a g e   code   in  t he   l a s t   f r a m e   of  t h e   s e -  

q u e n c e .   The  e n d - o f - m e s s a g e   code   c a u s e s   t u r n a r o u n d   on  t h e  

c a b l e ,   a l l o w i n g   s t a t u s   i n f o r m a t i o n   to  be  t r a n s f e r r e d   in  t h e  

o p p o s i t e   d i r e c t i o n   on  t h e   c a b l e   on  t he   n e x t   s e q u e n c e .  

I n f o r m a t i o n   F r a m e  

The  b a s i c   u n i t   of  i n f o r m a t i o n   t r a n s f e r   is   a  1 6 - b i t   i n f o r m a -  

t i o n   f r a m e .   The  i n f o r m a t i o n   f r a m e   is   u s e d   f o r   t r a n s f e r r i n g  



a l l   c o m m a n d s ,   d a t a ,   and  s t a t u s   i n f o r m a t i o n   b e t w e e n   t h e  

c o n t r o l l i n g   d e v i c e   and  t h e   p r i n t e r .   A  R e c e i v e   mode  f r o m  

c o n t r o l l e r   to  p r i n t e r   i s   i l l u s t r a t e d   in   F i g .   42  and  a  
T r a n s m i t   mode  f rom  p r i n t e r   to   c o n t r o l l e r   i s   i l l u s t r a t e d   i n  

F i g .   4 3 .  

The  16  b i t s   of   t h e   i n f o r m a t i o n   f r a m e   a r e   a s s i g n e d   t h e   f o l -  

l o w i n g   s i g n i f i c a n c e :   B i t s   0  t h r o u g h   2,  t h e   f i l l   b i t s ,   a l w a y s  

000,   a r e   f o r   t i m i n g   c o n t r o l .   B i t   3,  t he   p a r i t y   b i t ,   i s   s e t  

to   m a i n t a i n   an  e v e n   b i t   c o u n t   ( even   p a r i t y )   in   e a c h   f r a m e . .  

B i t s   4,  5,  and  6  a r e   t h e   a d d r e s s   b i t s   f o r   s e l e c t i n g   a  s p e -  
c i f i c   p r i n t e r   (or  o t h e r   work   s t a t i o n   u n i t )   a t t a c h e d   to  t h e  

i n t e r f a c e .   Up  to  s e v e n   u n i t s   can  be  a d d r e s s e d   by  c o m b i n a -  

t i o n s   of   t h e s e   b i t s   (000  t h r o u g h   110  a r e   v a l i d   a d d r e s s e s ) .  

A  b i t   c o m b i n a t i o n   of  111  i n d i c a t e s   an  e n d - o f - m e s s a g e   a n d  

c a u s e s   l i n e   t u r n a r o u n d .  

B i t s   7  t h r o u g h   14  a r e   f o r   c o m m a n d s ,   d a t a   or  s t a t u s   i n f o r m a -  

t i o n .   B i t   15,   a l w a y s   on,   i s   a  s y n c h r o n i z a t i o n   b i t .  

P r i n t e r   A d d r e s s i n g  

P r i n t e r   a d d r e s s e s   a r e   c o d e d   in   b i t s   4,  5,  and  6  of  t h e  

i n f o r m a t i o n   f r a m e ,   F i g .   44.  The  a d d r e s s   f o r   a  s i n g l e  

p r i n t e r   on  t h e   i n t e r f a c e   c a b l e   i s  0 0 0 .   Wi th   t he   C a b l e  

C o n n e c t o r   f e a t u r e ,   a d d r e s s e s   c a n   r a n g e   f rom  000  t h r o u g h   1 1 0 .  

A d d r e s s e s   of   p r i n t e r s   a t t a c h e d   w i t h   t h e   C a b l e   C o n n e c t o r  

f e a t u r e   a r e   s e t   w i t h   s w i t c h e s   by  t he   c u s t o m e r .   A  b i t   c o m -  

b i n a t i o n   of   111  i s   u s e d   as  an  e n d - o f - m e s s a g e   i n d i c a t o r   i n  

t h e   l a s t   f r a m e   of  a  t r a n s f e r   s e q u e n c e   and ,   t h e r e f o r e ,  

c a n n o t   be  u s e d   as  a  v a l i d   a d d r e s s .  

The  f i r s t   f r a m e   f o l l o w i n g   any  s i g n a l   t u r n a r o u n d   on  t h e   c a b l e  

i s  a   command  f r a m e   c o n t a i n i n g   a  v a l i d   p r i n t e r   a d d r e s s   ( 0 0 0  

t h r o u g h   110)  f o r   s e l e c t i n g   a  s p e c i f i c   p r i n t e r   on  t h e   i n t e r -  

f a c e   c a b l e .   Each   s u c c e s s i v e   f r a m e   f o l l o w i n g   a  command  f r a m e  



i s   t h e n   c h e c k e d   f o r   t h e   e n d - o f - m e s s a g e   code   ( 1 1 1 ) .  

A l l   r e s p o n s e   f r a m e s   f rom  the   p r i n t e r   to  t he   c o n t r o l l i n g  

d e v i c e ,   e x c e p t   t he   e n d - o f - m e s s a g e   f r a m e ,   c o n t a i n   t h e   a d d r e s s  

of  t h e   s e l e c t e d   p r i n t e r .  

P r i n t e r   R e s p o n s e s  

A l l   i n f o r m a t i o n   t r a n s f e r s   b e t w e e n   t h e   c o n t r o l l i n g   d e v i c e   a n d  

t h e   p r i n t e r   a r e   i n i t i a t e d   f rom  t he   c o n t r o l l i n g   d e v i c e   b y  
command  f r a m e s .   The  p r i n t e r ,   h o w e v e r ,   does   t r a n s f e r   i n f o r -  

m a t i o n   to  t he   c o n t r o l l e r   on  r e q u e s t .   These   t r a n s f e r s   a r e  
c a l l e d   p r i n t e r   " r e s p o n s e s " .  

In  g e n e r a l ,   p r i n t e r   r e s p o n s e   f r a m e s   a re   r e q u e s t e d   by  t h e  

c o n t r o l l e r   to  d e t e r m i n e   t h e   r e a d i n e s s   (or  " s t a t u s " )   of  a  

p r i n t e r   f o r   a c c e p t i n g   d a t a   f rom  t he   c o n t r o l l e r .   A  v a r i e t y  

of  p r i n t e r   o p e r a t i o n a l   and  e r r o r   c o n d i t i o n s   a r e   r e p o r t e d   t o  

t h e   c o n t r o l l e r   by  means   of  p r i n t e r   r e s p o n s e   f r a m e s .   T h e s e  

c o n d i t i o n s   a r e   d e s c r i b e d   in  d e t a i l   in  t he   s e c t i o n   b e l o w  

e n t i t l e d   " S t a t u s   and  e r r o r   I n f o r m a t i o n " .  

P r i n t e r   C o n t r o l   U n i t  

The  p r i n t e r   c o n t r o l   u n i t   3  (See  F i g s .   1  and  35,  as  e x a m p l e s )  

c o n n e c t s   t he   p r i n t e r   to  t he   i n t e r f a c e   c a b l e   f rom  t he   c o n -  

t r o l l i n g   d e v i c e ,   c o n t r o l s   t he   f low  of  i n f o r m a t i o n   to  a n d  

f rom  t he   c o n t r o l l i n g   d e v i c e   and  c o n t r o l s   a l l   i n t e r n a l   p r i n -  

t e r   f u n c t i o n s .  

When  d a t a   i s   r e c e i v e d   f o r   p r i n t i n g ,   t he   p r i n t e r   c o n t r o l   u n i t  

f o r m a t s   t he   d a t a   i n t o   p r i n t   l i n e s ,   u s i n g   f o r m a t t i n g   c o m m a n d s  

( c o n t r o l   c o d e s )   e m b e d d e d   in  t he   d a t a   s t r e a m .   Two  p r i n t - l i n e  

f o r m a t   b u f f e r s   a re   u s e d   so  one  l i n e   can  be  p r i n t e d   w h i l e   t h e  

n e x t   l i n e   i s   b e i n g   f o r m a t t e d .   T h i s   c o m p r i s e s   a  " l o o k a h e a d "  

f u n c t i o n   w h i c h   a l l o w s   b i d i r e c t i o n a l   p r i n t i n g   f o r   max imum 

t h r o u g h p u t .  



I n f o r m a t i o n   C o d e s  

A l l   256  8 - b i t   c o d e s   of   t h e   E x t e n d e d   B i n a r y   Coded   D e c i m a l  

I n t e r c h a n g e   Code  (EBCDIC)  a r e   r e c o g n i z e d   by  t h e   p r i n t e r  

c o n t r o l   u n i t .   In  a  d a t a   s t r e a m   h e x a d e c i m a l   c o d e s   of   00 

t h r o u g h   3F  r e p r e s e n t   f o r m a t t i n g   c o m m a n d s ,   40  t h r o u g h   FE 

r e p r e s e n t   d a t a   (FF  i s   a l w a y s   a  b l a n k   c h a r a c t e r . )  

A l l   of   t h e s e   c o d e s   may  be  u s e d   to  r e p r e s e n t   c h a r a c t e r s .  

O p e r a t i o n a l   C o m m a n d s  

O p e r a t i o n a l   c o m m a n d s ,   l i s t e d   in   T a b l e   I  b e l o w ,   d e t e r m i n e   t h e  

p r i n t e r   f u n c t i o n   to   be  p e r f o r m e d ,   s u c h   as  W r i t e   D a t a ,   R e a d  

S t a t u s ,   e t c .   ( a l s o ,   s ee   F i g s .   45  and  47A) .   F i g .   47A  i l l u s -  

t r a t e s   a  r e p r e s e n t a t i v e   o p e r a t i o n a l   c o m m a n d : " P o l l . "   Some 

o p e r a t i o n a l   commands   r e q u i r e   an  a d d i t i o n a l   command  or  d a t a  

f r a m e .   In   t h e s e   c a s e s ,   t h e   n e x t   f r a m e   t r a n s m i t t e d   m u s t  

c o n t a i n   t h a t   command  or  d a t a   f r a m e .   O p e r a t i o n a l   c o m m a n d s  

a r e   e m b e d d e d   in  t h e   d a t a   s t r e a m   w h e r e v e r   r e q u i r e d   f o r   p r o p e r  
c o n t r o l   of  t h e   p r i n t e r .  

O p e r a t i o n a l   Command  S e q u e n c e  

The  d i a g r a m   in  F i g .   46  i l l u s t r a t e s   a  r e p r e s e n t a t i v e   s e q u e n c e  

of  e v e n t s   b e t w e e n   a  c o n t r o l l i n g   u n i t   and  t h e   p r i n t e r   s u b -  

s y s t e m   to  e f f e c t   p r i n t i n g   of  d a t a .  





F o r m a t t i n g   C o m m a n d s  

F o r m a t t i n g   Command  F u n c t i o n  

F o r m a t t i n g   c o m m a n d s ,   shown  in   T a b l e   II   b e l o w ,   c o n t r o l   f o r m s  

m o v e m e n t   and  l i n e   l e n g t h .   They  a r e   e m b e d d e d   in  t he   i n f o r -  

m a t i o n   s t r e a m   t h a t   f o l l o w s   t h e   W r i t e   D a t a   command,   F i g .   4 5 .  

A l s o ,   See  F i g .   4 7 B  w h i c h   i l l u s t r a t e s   a  r e p r e s e n t a t i v e  



f o r m a t t i n g   command:   "New  L i n e . "  

Some  f o r m a t t i n g   commands   r e q u i r e   more  t h a n   one  f r a m e .   A 

code   in  t h e   f i r s t   f r a m e   i d e n t i f i e s   m u l t i p l e   f r a m e   c o m m a n d s .  

In  some  c a s e s   t he   code   in  t h e   s e c o n d   or  t h i r d   f r a m e   f u r t h e r  

d e f i n e s   t h e   t o t a l   number   of  f r a m e s   to  be  u s e d .   The  f o r m a t -  

t i n g   command  c o d e s   a r e   a l s o   r e f e r r e d   to  as  " s t a n d a r d   c h a r a c -  

t e r   s t r i n g "   (SCS)  c o d e s .   SCS  is   an  SNA  c o n t r o l - c h a r a c t e r  

s u b s e t .  















S t a t e s   and  E r r o r   I n f o r m a t i o n  

P o l l   R e s p o n s e   F r a m e s  

F o l l o w i n g   a  p o w e r - o n   r e s e t   (POR),  t h e   p r i n t e r   s u b s y s t e m  

r e s p o n d s   to   c o n t r o l l e r   p o l l i n g   w i t h   a  s i n g l e   s t a t u s   f r a m e ,  

F i g .   48.  The  p r i n t e r   c o n t i n u e s   to  r e s p o n d   to  c o n t r o l l e r  

p o l l i n g   w i t h   a  s i n g l e   s t a t u s   f r a m e   u n t i l   t h e   p r i n t e r   r e c e i v e s  

a  S e t   Mode  c o m m a n d .  

A f t e r   r e c e i v i n g   a  S e t   Mode  command,   t he   p r i n t e r   r e s p o n d s   t o  

p o l l i n g   w i t h   two  s t a t u s   f r a m e s ,   t h e   s e c o n d   of  w h i c h   i s   s h o w n  

in   F i g .   4 9 .  

S t a t u s   i n f o r m a t i o n   d e s c r i b e d   in   f r a m e   1,  F i g .   48,  i s   t h e  

same  in   e i t h e r   c a s e .  

B i t s   0,  1,  2  F i l l  .  

T h e s e   b i t s   a r e   a l w a y s   s e t   to  000  and  a r e   u s e d   f o r  

t i m i n g   c o n t r o l .  



B i t   3  - P a r i t y .  

T h i s   b i t   i s   u s e d   to   m a i n t a i n   an  even   b i t   c o u n t   ( e v e n  

p a r i t y ) .  

B i t s   4,  5,  6  -   P r i n t e r   a d d r e s s .  

T h e s e   b i t s   a r e   u s e d   f o r   s e l e c t i n g   a  s p e c i f i c   p r i n t e r  

a t t a c h e d   to   t h e   i n t e r f a c e .   Up  to  s e v e n   p r i n t e r s   can  b e  

a d d r e s s e d   by  t h e   c o m b i n a t i o n s   (000  t h r o u g h   1 1 0 ) .   A  b i t  

c o m b i n a t i o n   of  111  i n d i c a t e s   an  e n d - o f - m e s s a g e   a n d  

c a u s e s   l i n e   t u r n a r o u n d .  

B i t   7  -   B u s y .  

0  =  Not  busy   when  o p e r a t i o n a l   command  q u e u e   is   e m p t y .  

1  =  Busy  when  o p e r a t i o n a l   command  q u e u e   i s   n o t   e m p t y  

or  an  a c t i v a t e   command  is   r e c e i v e d .  

B i t   8  -   L i n e   p a r i t y .  

0  =  No  l i n e   p a r i t y   e r r o r   is   d e t e c t e d   in  a  r e c e i v e d  

f r a m e .  

1  =  L i n e   p a r i t y   e r r o r   is   d e t e c t e d   in  a  r e c e i v e d   f r a m e .  

B i t   9  -   U n i t   n o t   a v a i l a b l e .  

0  =  U n i t   a v a i l a b l e   ( t he   Ready  l i g h t   i s   o n ) .  

1  =  U n i t   no t   a v a i l a b l e .  

B i t   1 0  -   O u t s t a n d i n g   s t a t u s .  

0  = No  o u t s t a n d i n g   s t a t u s .  

1  =  O u t s t a n d i n g   s t a t u s   ( a v a i l a b l e   by  u s i n g   t he   R e a d  

s t a t u s   c o m m a n d ) .  

B i t s   11,  12,  and  13  i n d i c a t e   a  v a r i e t y   of  e x c e p t i o n   s t a t u s  

c o n d i t i o n s .   U n t i l   t h e   e x c e p t i o n   s t a t u s   is   r e s e t ,   o n l y   P o l l ,  



S e t   Mode,   and  R e s e t   commands   a r e   p r o c e s s e d .   The  W r i t e  
C o n t r o l   D a t a   Command  ( i f   t h e   e x c e p t i o n   s t a t u s   i s   n o t   p o w e r -  
on  t r a n s i t i o n )   i s   a l s o   p r o c e s s e d .   The  p o w e r - o n   t r a n s i t i o n  

e x c e p t i o n   s t a t u s   i s   r e s e t   by  t h e   Se t   Mode  command.   T h e  

e x c e p t i o n   s t a t u s   c o n d i t i o n s   a r e   r e s e t   by  t h e   W r i t e   C o n t r o l  

command  ( s e e   " W r i t e   C o n t r o l   D a t a " ) .  



B i t   1 4  -   C u r r e n t / P r e v i o u s   r e s p o n s e   l e v e l .  

When  b i t   14  g o e s   f rom  0  to   1  or  1  to   0,  t he   u s i n g  

s y s t e m   d e t e r m i n e s   t h a t   t he   r e s p o n s e   f r ame   is   c u r r e n t  

s t a t u s .   When  b i t   14  i s   u n c h a n g e d   f rom  t he   p r e v i o u s  

r e s p o n s e ,   t h e   u s i n g   s y s t e m   d e t e r m i n e s   t h a t   t h e   r e s p o n s e  
f r a m e   is   p r e v i o u s   s t a t u s .   Any  c h a n g e   in  t he   r e s p o n s e  
f r a m e   c h a n g e s   b i t   14  f rom  i t s   p r e v i o u s   s t a t e .   B i t   14  

i s   s e t   to  0  a f t e r   p o w e r - o n .  

B i t   1 5  -   S y n c .  

A  s y n c h r o n i z a t i o n   b i t   t h a t   i s   a l w a y s   s e t   t o  

Frame  2  c o n t a i n s   i n f o r m a t i o n   shown  in  F i g .   4 9 .  

B i t   0  t h r o u g h   6  -   Same  as  P o l l   s t a t u s   f r a m e   1 .  

B i t   7  -   I n v a l i d   SCS  ( S t a n d a r d   C h a r a c t e r   S t r i n g )   c o n t r o l  

0  = No  I n v a l i d   SCS  C o n t r o l   Code  i s   d e t e c t e d .  

1  =  I n v a l i d   SCS  C o n t r o l   Code  i s   d e t e c t e d .  

R e s e t   by  a  R e s e t   or  C l e a r   c o m m a n d .  

B i t   8  -   I n v a l i d   SCS  ( s t a n d a r d   c h a r a c t e r   s t r i n g )   p a r a m e t e r  

0  = No  I n v a l i d   SCS  p a r a m e t e r   i s   d e t e c t e d .   1  =  I n v a l i d  

SCS  p a r a m e t e r   i s   d e t e c t e d .  

R e s e t   by  a  R e s e t   or  C l e a r   c o m m a n d .  

B i t   9  -   R e c e i v e   b u f f e r s   f u l l .  

Used  by  t h e   u s i n g   s y s t e m   to  d e t e r m i n e   when  d a t a   can  b e  

s e n t   to  t he   p r i n t e r .  

0  =  R e c e i v e   b u f f e r s   a r e   n o t   f u l l .  

1  =  R e c e i v e   b u f f e r s   a r e   f u l l .  



B i t   1 0  -   P r i n t   c o m p l e t e .  

The  p r i n t   c o m p l e t e   b i t   i s   s e t   to  0  when  t h e   p r i n t e r  
d e t e c t s   a n  A c t i v e   W r i t e   command.   The  p r i n t   c o m p l e t e  
b i t   i s   s e t   to   1  by  P o w e r - o n   r e s e t ,   a  C l e a r   command,   a  
R e s e t   command,   or   when  a l l   i n p u t   d a t a   i s   p r i n t e d .  

0  =  P r i n t i n g   i s   in  p r o g r e s s .  
1  =  P r i n t i n g   i s   c o m p l e t e d .  

B i t   1 1  -   C a n c e l   R e q u e s t .  

The  C a n c e l   r e q u e s t   b i t   i s   s e t   to  1  when  t he   o p e r a t o r  

p r e s s e s   t h e   C a n c e l   key  on  t h e   O p e r a t o r   P a n e l .   T h i s   b i t  

i s   r e s e t   by  t h e   n e x t   P o l l   command  ( w i t h   A c k n o w l e d g e   b i t  

s e t   to   1 ) ,   a  R e s e t   o r   P o w e r - O n   r e s e t .  

0  =  No  c a n c e l   r e q u e s t .  

1  =  C a n c e l   r e q u e s t .  

B i t   1 2  -   Not   u s e d .  

B i t   1 3  -   Not   u s e d .  

B i t   1 4  -   G r a p h i c   c h e c k .  

T h i s   b i t   i s   s e t   to   1  i n d i c a t e s   t h a t   an  u n d e f i n e d  

c h a r a c t e r   has   b e e n   d e t e c t e d   in   t h e   d a t a   s t r e a m .   T h i s  

b i t   i s   r e s e t   by  t h e   n e x t   P o l l   command  ( w i t h   A c k n o w l e d g e  

b i t   s e t   to   1 ) ,   a  R e s e t   or   P o w e r - O n   r e s e t .  

0  =  No  g r a p h i c   e r r o r   i s   d e t e c t e d .  

1  =  G r a p h i c   e r r o r   i s   d e t e c t e d .  

B i t   1 5  -   Same  as  P o l l   s t a t u s   f r a m e   1 .  

Read  S t a t u s   R e s p o n s e   F r a m e  

One  r e s p o n s e   f r a m e   i s   s e n t   f o r   e v e r y   Read  S t a t u s   c o m m a n d .  



The  r e s p o n s e   f r a m e ,   s e n t   o n l y   a f t e r   t h e   A c t i v a t e   R e a d  

command  is   r e c e i v e d ,   c o n t a i n s   a  hex  code   t h a t   d e f i n e s   t h e  

s t a t u s   c o n d i t i o n   w i t h i n   t he   p r i n t e r .  

The  hex  code   c o r r e s p o n d s   to  t he   l a s t   two  d i g i t s   of  t he   e r r o r  

code   t h a t   may  be  a v a i l a b l e   as  a  s y s t e m   e r r o r   m e s s a g e   ( d e p e n -  

d i n g   on  t he   u s i n g   s y s t e m ) .   The  f i r s t   d i g i t s   of  t h e s e   h e x  

c o d e s   a r e   a l s o   a u t o m a t i c a l l y   d i s p l a y e d   on  t he   p r i n t e r   o p e -  
r a t o r   p a n e l   26  when  t he   e r r o r   o c c u r s .  

The  d e f i n e d   c o n d i t i o n s   a r e :  



P r i n t e r   G e n e r a l   B l o c k   D i a g r a m  

F i g .   50  i l l u s t r a t e s   v a r i o u s   p r i n t e r   b l o c k s   of  i n t e r e s t .   A 

p o w e r   s u p p l y   245  s u p p l i e s   t h e   u n i t   w i t h   a l l   t h e   power   t o  
d r i v e   and  to   c o n t r o l .   The  o n / o f f   s w i t c h   240  c o n t r o l s   p o w e r  
s u p p l y   245  b e i n g   on  and  o f f .   From  t h e   power   s u p p l y   t h e  

c o v e r   i n t e r l o c k   s w i t c h   242  e n a b l e s   and  d i s a b l e s   t h e   4 8 -  

v o l t   d r i v e   w h i c h   c o n t r o l s   much  of   t h e   p r i n t e r   l o g i c   2 4 3 .  

L o g i c   243 ,   o n c e   e n a b l e d ,   l o o k s   a t   o p e r a t o r   p a n e l   26  f o r  

i n f o r m a t i o n   as  to   t h e   o p e r a t i o n s   t o  b e   p e r f o r m e d .   Mode  

s w i t c h   65  t e l l s   t h e   l o g i c   w h i c h   t y p e   of   o p e r a t i o n   in   t e s t i n g  

p r o c e d u r e s   s h o u l d   be  r u n .   P r i n t   a s s e m b l y   30  i s   c o n t r o l l e d  

by  t h e   p r i n t e r   l o g i c   a l o n g   w i t h   t h e   f o r m s   a s s e m b l y   2 0 .  

E m i t t e r   d e v i c e s   24  and  70  s u p p l y   p o s i t i o n a l   i n f o r m a t i o n   t o  

t h e   p r i n t e r   l o g i c .   The  p r i n t e r   l o g i c   a l s o   c o n t r o l s   a n d  

t a l k s   w i t h   t h e   i n t e r f a c e   p a n e l   247  and  p a s s e s   i n f o r m a t i o n   o n  

t h e   o t h e r   p a r t s   of  t h e   p r i n t e r .   The  r i b b o n   m o t o r s   49  and  50  

a r e   c o n t r o l l e d   in  an  o n / o f f   f a s h i o n   by  p r i n t e r   l o g i c   2 4 3  

w h i c h   a c c e p t s   i n p u t s   f rom  t h e   r i b b o n   a s s e m b l y   to  d e t e r m i n e  

when  t h e   end  of  r i b b o n   has   o c c u r r e d .   Head  s e r v o   252  i s   a  

c o n t r o l   b l o c k   t h a t   i n s u r e s   t h a t   t h e   p r i n t   h e a d   i s   in  t h e  

p r o p e r   p o s i t i o n   a t   t h e   p r o p e r   t i m e   f o r   t h e   a c t u a t o r s   t o  

f i r e .   Fo rms   s e r v o   253  i s   a  c o n t r o l   b l o c k   t h a t   moves  t h e  

f o r m s   to   d e s i r e d   l o c a t i o n s .   Fans   2 5 4 - 2 5 8   a r e   u s e d   to   c o n t r o l  

t e m p e r a t u r e   w i t h i n   t h e   m a c h i n e .   As  i n d i c a t e d   in   c o n n e c t i o n  

w i t h   F i g .   35,  p r i n t e r   l o g i c   243  i n c l u d e s   two  m i c r o p r o c e s s o r  

a d a p t e r   b l o c k s   200  and  210.  The  f i r s t   one  i n c l u d e d   i s   t h e  

C o m m u n i c a t i o n s   a d a p t e r   CMA  w h i c h   a c c e p t s   i n p u t   and  p a s s e s   i t  

to   t h e   s e c o n d   one  w h i c h   i s   t h e   C o n t r o l   a d a p t e r   CTA  t h a t  

a c t u a l l y   c o n t r o l s   t h e   p r i n t e r .   T h e s e   w i l l   be  d i s c u s s e d   i n  

c o n n e c t i o n   w i t h   F i g s .   51A  and  5 1 B .  

M i c r o p r o c e s s o r   C o n t r o l  -   P r i n t e r   S u b s y s t e m  

Two  m i c r o p r o c e s s o r s   a r e   p r o v i d e d   f o r   t h e   p r i n t e r   s u b s y s t e m ,  

e a c h   h a v i n g   i t s   a s s i g n e d   f u n c t i o n s   and  b o t h   can   o p e r a t e  

c o n c u r r e n t l y   to  a c c o m p l i s h   t h e   r e q u i r e d   f u n c t i o n s .   F i g s .  

51A  and  51B  j o i n   t o g e t h e r   as  shown  in  F i g .   52  to  i l l u s t r a t e  

t h e   d e t a i l s   of  t h e   P r i n t e r   C o n t r o l   U n i t   3  and  E l e c t r o n i c s   4 ,  



F i g .   1.  V a r i o u s   a b b r e v i a t i o n s   u sed   h e r e i n   a r e   l i s t e d  

in  T a b l e   I I I   b e l o w :  

T h e r e   a r e   a c t u a l l y   s e v e n   main  b l o c k s   c o m p r i s i n g   the   P r i n t e r  

C o n t r o l   U n i t   r e p r e s e n t i n g   s e v e n   p r i n t e d   c i r c u i t   c a r d s .   T h e  

f i r s t   b l o c k   is   t he   C o m m u n i c a t i o n s   I n t e r f a c e   201  b e t w e e n   t h e  

h o s t   s y s t e m   and  d i g i t a l   p r i n t e r   e l e c t r o n i c s .   Tha t   i n t e r f a c e  

c o m m u n i c a t e s   w i t h   t he   C o m m u n i c a t i o n s   A d a p t e r   (CMA)  202  w h i c h  

i s   a  m i c r o p r o c e s s o r   c a r d   t h a t   t a k e s   t he   h o s t   i n f o r m a t i o n   a n d  

c o m p i l e s   i t   i n t o   a  form  t h a t   can  be  u s e d   by  t h e   r e s t   of  t h e  

p r i n t e r .   The  CMA  i n c l u d e s   C o m m u n i c a t i o n s   m i c r o p r o c e s s o r   CMM 

200.   From  t h e r e ,   t he   i n f o r m a t i o n   i s   p a s s e d   on  to  t he   H e a d  

I m a g e  G e n e r a t o r   220  c a r d   f o r   b u i l d i n g   i m a g e s   fo r   t he   p r i n t e r .  

T h e r e   is   a n o t h e r   m i c r o p o c e s s o r   c a r d   t h a t   is   t he   C o n t r o l  

A d a p t e r   Card   (CTA)  211.  The  CTA  i n c l u d e s   C o n t r o l   m i c r o -  

p r o c e s s o r   CTM  210.  The  C o n t r o l   A d a p t e r   h a n d l e s   t he   p r o c e s -  

sed   i n f o r m a t i o n   f rom  the   C o m m u n i c a t i o n s   A d a p t e r ,   c o n t r o l s  

a l l   t h e   m e c h a n i c a l   e l e m e n t s   of  t he   p r i n t e r ,   such   as  t h e  

m o t o r s ,   and  r e c e i v e s   e m i t t e r   s i g n a l s   i n d i c a t i n g   p o s i t i o n s   o f  

t h e   m e c h a n i c a l   e l e m e n t s .   T h i s   A d a p t e r   h a n d l e s   c o m m u n i c a t i o n  

w i t h   t h e   a c t u a l   h a r d w a r e   t h r o u g h   t h e   C o n t r o l   and  Sense   c a r d  

212  and  the   Head  L a t c h   c a r d   213  t h a t   s t o r e s   t he   d a t a   to  b e  



200.   The  r a n d o m   a c c e s s   memory  s t o r a g e   217  has   3K  b y t e s   f o r  
t h e   Head  Image   G e n e r a t o r   and  i s   w h e r e   t he   C o m m u n i c a t i o n s  

m i c r o p r o c e s s o r   s t o r e s   c h a r a c t e r   i m a g e s   to  be  p r i n t e d .   T h e  
c h a r a c t e r   i m a g e s   in  t h i s   s t o r a g e   a r e   u s e d   by  the   Head  I m a g e  
G e n e r a t o r   to  g e n e r a t e   a c t u a l   i m a g e s   f o r   t he   s l a n t e d   h e a d s .  

A l s o ,   in  t h e   b l o c k   of  Random  A c c e s s   Memory  a r e   two  t e x t  

b u f f e r s   and  some  s c r a t c h   pad  s t o r a g e .  

B e c a u s e   of  t h e   s t a g g e r e d   s l a n t   g e o m e t r y   of  t he   p r i n t   h e a d  

a s s e m b l y   and  t h e   m u l t i p l e   head   c o n f i g u r a t i o n ,   a  f a i r l y  

c o m p l e x   Head  Image  G e n e r a t o r   220  (HIG)  i s   r e q u i r e d   t o  

c o n v e r t   c o n v e n t i o n a l   c h a r a c t e r   d o t   f o r m a t   to  a  s l a n t e d  

f o r m a t .   HIG  p r o c e s s e s   t he   c h a r a c t e r   i m a g e s   as  t h e y   w o u l d  

n o r m a l l y   a p p e a r   in  a  " s t r a i g h t u p "   f o r m a t ,   bu t   s l a n t s   t h e m  

f o r   t h e   Head  L a t c h   b l o c k   213  to  s u p p l y   to  t he   p r i n t   w i r e  

a c t u a t o r s .   T h i s   i s   done  t h r o u g h   h a r d w a r e   r o u t i n e s   t h a t   a r e  

p e r f o r m e d   in  t he   Head  Image  G e n e r a t o r   220.  T h e r e   a r e   b a s i -  

c a l l y   two  b l o c k s   in   t he   Head  Image  G e n e r a t o r ,   one  b l o c k  

b e i n g   t h e   C o n t r o l   b l o c k   221  t h a t   a c t u a l l y   p e r f o r m s   t h e  

h a r d w a r e   r o u t i n e s   to  t a k e   t h e   u n s l a n t e d   image  and  s l a n t   i t .  

T h e r e   i s   a l s o   a  Da ta   b l o c k   222  t h a t   is  a  s m a l l   s t o r a g e   u n i t  

in  w h i c h   t h e   Head  Image  G e n e r a t o r   s t o r e s   t he   s l a n t e d   i n f o r -  

m a t i o n   c u r r e n t l y   b e i n g   w o r k e d   on.  The  C o n t r o l   A d a p t e r   2 1 1  

can  t h e n   r e a d   t h i s   s t o r a g e   and  o u t p u t   to  t he   w i r e   a c t u a t o r s  

t h r o u g h   Head  L a t c h   213.  T h i s   is   t h e   s l a n t e d   d a t a .  

The  C o n t r o l   A d a p t e r   (CTA)  211  has   s i x   b l o c k s   w i t h i n   i t .   T h e  

C o n t r o l   m i c r o p r o c e s s o r   (CTM)  210  r e c e i v e s   i n p u t s   f rom  v a r i o u s  

s e n s o r s ,   e . g . ,   r i b b o n   r e v e r s e / j a m ,   fo rms   jam,  head   p o s i t i o n ,  

l i n e a r   e n c o d e r ,   f o r m s   p o s i t i o n   e n c o d e r ,   as  w e l l   as  p r i n t  

commands  and  d a t a   f rom  CMM  200  and  HIG  220  and  g e n e r a t e s  

p r i n t   w i r e   f i r i n g   s i g n a l s   and  v a r i o u s   c o n t r o l   s i g n a l s   t o  

c o n t r o l   t he   r i b b o n   d r i v e ,   p r i n t   head   d r i v e ,   p r i n t   w i r e  

a c t u a t o r s ,   and  fo rms   d r i v e .   The  C o n t r o l   m i c r o p r o c e s s o r   (CTM) 

210  has   a  ROS  s t o r a g e   232  t h a t   i s   12K  b y t e s   of  FSU  ROS  t o  

c o n t a i n   i t s   p r o g r a m s   or  r o u t i n e s .   C e r t a i n   c o m m u n i c a t i o n  

r e g i s t e r s   i n c l u d i n g   S t a t u s   r e g i s t e r   225  and  Command  r e g i s t e r  

226  a l l o w   t h e   C o m m u n i c a t i o n s   A d a p t e r   202  and  the   C o n t r o l  



A d a p t e r   2 1 1 - t o   c o m m u n i c a t e   w i t h   one  a n o t h e r .   T h r o u g h   t h e s e  

r e g i s t e r s   go  commands   s u c h   as  P r i n t   commands ,   Forms  c o m m a n d s ,  
C a r r i a g e   R e t u r n s ,   and  t h e   a c t u a l   d e c o d e d   m e s s a g e s   t h a t   t h e  
h o s t   has   s e n t   o v e r .   An  I n p u t / O u t p u t   s t a c k   227  i s  u s e d   as  a  
l o c a l   s t o r a g e ,   t h a t   i s ,   i t   i s   a  s m a l l   r a n d o m   a c c e s s   m e m o r y  
f o r   t h e   C o n t r o l   A d a p t e r   to   s t o r e   i n t e r m e d i a t e   d a t a   and  t h e r e  

i s   some  a s s o c i a t e d   d e c o d i n g .   The  D e c o d e   b l o c k   228  h a n d l e s  

t h e   t i m i n g   r e l a t i o n s h i p s   f o r   t h e   C o m m u n i c a t i o n s   A d a p t e r   a n d  

C o n t r o l   A d a p t e r   to   be  a b l e  t o   t a l k   to   one  a n o t h e r   a s y n c h r o -  

n o u s l y .  

The  C o n t r o l   and  S e n s e   c a r d   212  h a n d l e s   t h e   i n f o r m a t i o n   f r o m  

t h e   C o n t r o l   A d a p t e r   c a r d   211  and  i n t e r f a c e s   w i t h   t h e   a c t u a l  

p r i n t e r   e l e c t r o n i c s   to   c o n t r o l   by  way  of  Decode   b l o c k   2 3 3  

and  P r i n t e r   C o n t r o l   b l o c k   234  t h e   h e a d   m o t o r ,   t h e   f o r m s  

m o t o r ,   and  t h e   r i b b o n   m o t o r s   r e p r e s e n t e d   by  b l o c k   2 3 5 .  

T h r o u g h   b l o c k s   236  and  237  i t   s e n s e s   t h e   p o s i t i o n a l   s t a t e   o f  

p r i n t e r   e l e c t r o n i c s   and  m e c h a n i c s   s u c h   as  t h e   p r i n t   e m i t t e r s ,  

f o r m s   e m i t t e r s ,   e t c .   The  Head  L a t c h   c a r d   213  is   a n o t h e r  

i n t e r f a c e   c a r d   f rom  t h e   C o n t r o l   A d a p t e r   t h a t   l a t c h e s   up  t h e  

w i r e   i m a g e   d a t a ,   t h e   s l a n t e d   d a t a   t h a t   i s   r e c e i v e d   f rom  t h e  

Head  I m a g e   G e n e r a t o r   220-,  and  o u t p u t s   i t   a t   t h e   c o r r e c t   t i m e  

to  t h e   p r i n t   w i r e   a c t u a t o r s   so  t h a t   t h e   d o t s   g e t   p r i n t e d   i n  

t h e   c o r r e c t   p l a c e   on  t h e   f o r m .  

A  t y p i c a l   p r i n t   o p e r a t i o n   i s   now  d e s c r i b e d .   I t   i s   a s s u m e d  

t h a t   a  s i n g l e   p r i n t   l i n e   i s   p r o v i d e d   by  t he   h o s t   w i t h   a  

Forms  F e e d   and  C a r r i a g e   R e t u r n   a t   t h e   end  w h i c h   i s   a  t y p i c a l  

s i t u a t i o n .   T h i s   i n f o r m a t i o n   comes  o v e r   in  a  s e r i a l   s t r e a m  

f rom  t h e   h o s t   as  a n a l o g   s i g n a l s   i n t o   t h e   C o m m u n i c a t i o n s  

I n t e r f a c e   201  w h i c h   d i g i t i z e s   t h e   a n a l o g   s i g n a l   and  s t o r e s  

i t   in   i t s   I n t e r f a c e   S t o r a g e   204  in   t h e   fo rm  of  c h a r a c t e r s   t o  

be  p r i n t e d .   A  command  i n f o r m s   t h e   C o m m u n i c a t i o n s   A d a p t e r  

202  t h a t   t h i s   i s   a  l i n e   to  be  p r i n t e d   and  t h a t   i t   has   L i n e  

F e e d   and  C a r r i a g e   R e t u r n   c o m m a n d s .   The  C o m m u n i c a t i o n s  

A d a p t e r   202  s e e i n g   t h i s   i n f o r m a t i o n   a p p e a r ,   w i l l   t a k e   t h e  

c h a r a c t e r s   to   be  p r i n t e d   o u t   of  t h e   I n t e r f a c e   S t o r a g e   2 0 4  

and  p u t   t hem  i n t o   a  s e l e c t e d   t e x t   b u f f e r   in  CMA  S t o r a g e   "B"  



on  C o m m u n i c a t i o n s   S t o r a g e   c a r d   215.   I t   t h e n   t e l l s   t h e  

C o n t r o l   A d a p t e r   211  t h a t   i t   has  i n f o r m a t i o n   in  a  t e x t  

b u f f e r   to   be  p r i n t e d .  

The  C o n t r o l   A d a p t e r ,   a f t e r   r e c e i v i n g   t h e   i n f o r m a t i o n   i n i -  

t i a l l y   t e l l s   t h e   Head  Image  G e n e r a t o r   220  (HIG)  t h a t   t h e r e  

is   d a t a   in  t h e   s e l e c t e d   t e x t   b u f f e r   t h a t   n e e d s   to  be  s l a n -  

t e d .   Head  Image   G e n e r a t o r   220  t h e n   s l a n t s   t h i s   i n f o r m a t i o n ,  

w h i l e   t h e   C o n t r o l   A d a p t e r   c a r d   211  s t a r t s   t h e   p r i n t e r   i n  

m o t i o n ;   t h a t   i s ,   i t   s t a r t s   mov ing   t h e   p r i n t   head   c a r r i e r   3 1 .  

I t   moves  t h e   c a r r i e r   t h r o u g h   commands  g i v e n   to  t he   C o n t r o l  

and  S e n s e   c a r d   212,   and  i t   l o o k s   f o r   p r i n t   e m i t t e r s ,   o r  
e m i t t e r s   w h i c h   t e l l   t he   C o n t r o l   A d a p t e r   when  to  f i r e   w i r e s ;  
i t   c h e c k s   f o r   t h e s e   s i g n a l s   coming   f rom  t he   C o n t r o l   a n d  

S e n s e   c a r d .   When  t h e s e   s i g n a l s   a p p e a r ,   t he   CTM  r e t r i e v e s  

t h e   s l a n t e d   w i r e   i n f o r m a t i o n   f rom  t he   HIG  and  p a s s e s   i t   t o  

t h e   Head  L a t c h   c a r d   213  and  f i r e s   t h e   w i r e s   to  p r i n t   d o t s .  

The  C o n t r o l   A d a p t e r   211  f o r   e ach   p r i n t   e m i t t e r   t h a t   i t   s e e s ,  
a s k s   t h e   Head  Image  G e n e r a t o r   f o r   a  new  s e t   of  s l a n t e d   d a t a .  

T h i s   i s   o u t p u t t e d   to  t he   Head  L a t c h   c a r d   213  and  is   r e p e a t e d  

u n t i l   t he   e n t i r e   t e x t   b u f f e r   has  been   p r i n t e d ,   t h a t   i s ,   a l l  

t h e   i n f o r m a t i o n   t h a t   t he   h o s t   s e n t   o v e r .   Once  the   C o m m u n i -  

c a t i o n s   A d a p t e r   202  has  s e e n   t h a t   t h i s   has   t a k e n   p l a c e ,   t h a t  

i s ,   t he   p r i n t i n g   has  been   done ,   i t   p a s s e s   t he   Forms  command  

to  t h e   C o n t r o l   A d a p t e r   211.  C o n t r o l   A d a p t e r   211  d e c o d e s  

t h i s   command  and  g i v e s   a  command  to  t h e   C o n t r o l   and  S e n s e  

c a r d   212  to  move  fo rms   a  c e r t a i n   number   of  fo rms   e m i t t e r s .  

I t   s e n s e s   t h e s e   fo rms   e m i t t e r s   t h r o u g h   t he   C o n t r o l   and  S e n s e  

c a r d   a g a i n .  

T h i s   i s   f u r t h e r   i l l u s t r a t e d   in  F i g .   53.  A  t y p i c a l   o p e r a t i o n  

is   a s s u m e d   to  come  f rom  t he   h o s t   to  t h e   p r i n t e r   c o n t r o l l e r  

u n i t .   r S t e p s   ( p a t h s )   a re   i l l u s t r a t e d   by  n u m b e r s   in  s q u a r e s J .  

P a t h   1  r e p r e s e n t s   r e c e i p t   of  t h e   d a t a   and  commands  by  

i n t e r f a c e   201.   By  p a t h   2,  t he   i n t e r f a c e   p r e p a r e s   i t   a n d  

p a s s e s   i t   on  to  t he   CMA  202.  CMA  202,   e s s e n t i a l l y   in  t w o  

o p e r a t i o n s ,   s t r i p s   o f f   p r i n t a b l e   c h a r a c t e r s   and  by  the   p a t h  

l a b e l e d   3A  t r a n s f e r s   t he   c h a r a c t e r s   to  t he   t e x t   b u f f e r s   i n  



CMA  S t o r a g e   216 .   I n i t i a l l y ,   f o n t   i n f o r m a t i o n   i s   s t o r e d   i n  
HIG  S t o r a g e   217 .   At  t h e   same  t i m e   e s s e n t i a l l y   by  p a t h   3B ,  
t h e   CMA  202  s u p p l i e s   p r i n t   commands   to   t h e   CTA  211  to  s t a r t  
t h e   o p e r a t i o n .   Nex t   a r e   two  o p e r a t i o n s   4A  and  4B.  CTA  2 1 1  
i n i t i a t e s   o p e r a t i o n   4A  to  HIG  220  w h i c h   s i m p l y   s a y s   t h e r e   i s  

d a t a   in   t h e   t e x t   b u f f e r   a t   a  c e r t a i n   a d d r e s s ,   b e g i n   HIG 

o p e r a t i o n s .   At  t h e   same  t i m e ,   t h e   p a t h   4B  is   e f f e c t i v e   t o  

t e l l   t h e   C o n t r o l   and  S e n s e   c a r d   212  to  s t a r t   any  of   a  
n u m b e r   of   p o s s i b l e   o p e r a t i o n s   of   t h e   p r i n t e r ,   s u c h   a s :   t o  

move  t h e   h e a d s   o f f   t h e   r a m p ,   move  t h e   f o r m s   as  n e c e s s a r y ,   d o  

n o t   move  t h e   f o r m s ,   move  t h e   h e a d   to   a  c e r t a i n   a b s o l u t e  

p o s i t i o n   or   r e l a t i v e   p o s i t i o n ,   e t c .   P a t h   5  i s   a  p a t h   f r o m  

HIG  220,   a  f l o w   f rom  t h e   HIG  to   t h e   s t o r a g e   b l o c k s   216  a n d  

217  w h i c h   e s s e n t i a l l y   f e t c h e s   t h e   d a t a   and  t he   f o n t   i n f o r -  

m a t i o n ,   t h a t   i s   t h e   h e x a d e c i m a l   r e p r e s e n t a t i o n   of  t h e   d a t a  

t h a t   i t   i s   s u p p o s e d   to   o p e r a t e   on  to   s t a r t   i t s   w i r e   i m a g e  

g e n e r a t i o n .   P a t h   6A  r e p r e s e n t s   v e r i f i c a t i o n   by  CTA  211  o f  

e l e c t r o m e c h a n i c a l   p r i n t e r   o p e r a t i o n s .   T h i s  i n v o l v e s   c h e c k i n g  

o u t   t h e   e m i t t e r s ,   f o r   e x a m p l e ,   t i m i n g   o u t   on  t h e   p r i n t  

e m i t t e r s ,   e t c .   to  d e t e r m i n e   t h a t   t h e   p r i n t e r   i s   p r e p a r e d   t o  

p r i n t   and  r e a d y   to  f i r e   r e p o r t e d   b a c k   by  p a t h   6B .  

P a t h s ,   7A  and  7B  r e p r e s e n t   f e t c h i n g   of  d a t a   f rom  t h e   HIG  2 2 0  

w h i c h   i s   t h e   h e a d   l a t c h   i m a g e   t h a t   i s   t r a n s f e r r e d   to  t h e  

h e a d   l a t c h   c a r d   213  and  some  c h e c k i n g   i s   done  on  i t   a t   t h a t  

p o i n t   by  t h e   CTM. 

P a t h   8  r e p r e s e n t s   CTA  211  s i g n a l l i n g   t h e   head   l a t c h   b l o c k  

213  to   f i r e .   T h i s   i s   a  p e d e s t a l   s i g n a l   to   f i r e   t h e   w i r e s .  

P r i o r   to   t h a t   p o i n t ,   CTA  211  has   to  have   r e c e i v e d  a   p r i n t  

e m i t t e r   a t   s t e p   6B  in  o r d e r   to   i s s u e   t h e   p e d e s t a l   f i r i n g  

s i g n a l .  

P a t h   9  r e p r e s e n t s   a  f e e d b a c k   s i g n a l   f rom  t h e   C o n t r o l   a n d  

S e n s e   C a r d   212  and  f rom  t h e   h e a d   l a t c h   c a r d   b a c k   to  CTA  2 1 1 .  

CTA  211  w i l l   r e c h e c k   t h e   C o n t r o l   and  S e n s e   Card   212  v e r i f y i n g  

t h a t   t h e   o p e r a t i o n   was  p e r f o r m e d   t h a t   was  e x p e c t e d   to  b e  

p e r f o r m e d .  



P a t h   10  i s   a  c o m m u n i c a t i o n   p a t h   f rom  t h e   CTA  211  to  t he   CMA 

202  i n d i c a t i n g   t h a t   t h e   o p e r a t i o n   t h a t   t h e   CMA  i n i t i a t e d   w a s  
a c c o m p l i s h e d   w i t h o u t   e r r o r s .   I f   t h e r e   were   e r r o r s ,   CMA  w i l l  

be  so  a d v i s e d .   CMA  202  t h e n   c o m p i l e s   s t a t u s   or  e r r o r   i n -  

f o r m a t i o n   and  p r e s e n t s   i t   a t   S t e p   11  to   t h e   I n t e r f a c e   201  a s  

a  p o l l   r e s p o n s e   to  t h e   h o s t .  

C o m m u n i c a t i o n s   M i c r o p r o c e s s o r   (CMM)  O p e r a t i o n s  

The  C o m m u n i c a t i o n s   M i c r o p r o c e s s o r   200  (CMM)  F l o w c h a r t ,   F i g .  

54,  r e p r e s e n t s   i t s   g e n e r a l   o p e r a t i o n   and  s t a r t s   w i t h   t h e  

Power   On  D i a g n o s t i c s   b e i n g   r u n .   At  t h e   c o n c l u s i o n   of  P o w e r  

On  D i a g n o s t i c s ,   t h e   s e l e c t e d   l a n g u a g e   i s   l o a d e d   i n t o   t h e  

f o n t   Memory  f o r   p r o c e s s i n g   and  p r i n t i n g .   A  d e c i s i o n   is   now 

made  as  to  w h e t h e r   t h e   Mode  S w i t c h   i s   in  t h e   o f f - l i n e   or  o n -  

l i n e   p o s i t i o n .   I f   i t   i s   in  t he   o n - l i n e   p o s i t i o n ,   t h e n   t h e  

i n t e r f a c e   d a t a   is   p r o c e s s e d ,   or  i n f o r m a t i o n   coming   f rom  t h e  

h o s t   or  g o i n g   to  t he   h o s t ,   i s   p r o c e s s e d   and  p r e p a r e d .   I f   i t  

i s   in  t he   o f f - l i n e   p o s i t i o n ,   t h e n   t h i s   p r o c e s s   is   s k i p p e d .  

C o m m u n i c a t i o n   w i t h   t he   C o n t r o l   m i c r o p r o c e s s o r   210  (CTM) 

a l l o w s   t h e   CMM  to  r e c e i v e   any  e r r o r s   or  i n f o r m a t i o n   t h a t  

n e e d s   to  be  p a s s e d   to  t he   h o s t   and  i t   a l l o w s   the   CMM  to  p a s s  

d a t a   and  commands  s u c h   as  d a t a   to  be  p r i n t e d ,   f o r m s ,   s p a c i n g ,  

e t c .   on  to   t h e   CTM.  N e x t ,   t he   O p e r a t o r   P a n e l   is   a c c e s s e d   t o  

d e t e r m i n e   w h e t h e r   t h e   S t a r t   b u t t o n ,   S t o p   b u t t o n ,   or  o t h e r  

b u t t o n s   have   been   d e p r e s s e d   f o r   e n t r y   i n f o r m a t i o n   f rom  t h e  

O p e r a t o r   P a n e l .   N e x t ,   t h e   P r o c e s s   f o r m s   or  C o n t r o l   d a t a  

b l o c k   i s   c h e c k e d   to  d e t e r m i n e   t h e   m o v e m e n t   of  f o r m s   r e s u l -  

t i n g   f rom  commands  s e n t   to  t h e   CTM.  Nex t   i s   to  P r o c e s s   t h e  

t e x t   b u f f e r s   w h i c h   i n c l u d e s   SNA  commands   or  t h e   o f f - l i n e  

r o u t i n e s .   The  CMM  p l a c e s   them  in  t h e   p r o p e r   t e x t   b u f f e r   t o  

be  p r i n t e d   by  t he   CTM  and  d i r e c t s   t h e   CTM  to  p i c k   t h i s  

i n f o r m a t i o n   up  and  p l a c e   i t   on  t h e   p a p e r   as  d o t s .   Then  t h e  

CMM  c h e c k s   f o r   o n l i n e   or  o f f - l i n e   s t a t u s   and  c o n t i n u e s   t h e  

p r o c e s s   a g a i n .  



C o n t r o l   M i c r o p r o c e s s o r   (CTM)  O p e r a t i o n s  

F i g .   55  i s   an  o v e r a l l   b l o c k   d i a g r a m   of   t h e   o p e r a t i o n s   of  t h e  

C o n t r o l   m i c r o p r o c e s s o r   210  (CTM).  The  CTM  g o e s   t h r o u g h   P o w e r  

On  D i a g n o s t i c s   upon  Power   Up  and  t h e n   upon  s u c c e s s f u l   c o m -  

p l e t i o n   of  t h a t   p r o c e e d s   to   P r o g r a m   C o n t r o l s .   The  f u n c t i o n  

of  t h i s   i s   to  l o o k   f o r   and  a n a l y z e   commands  f rom  t h e   Commu-  

n i c a t i o n s   m i c r o p r o c e s s o r   (CMM)  and  s t a r t   or   c o n t i n u e   f o r m s  

o p e r a t i o n .   When  a  command  i s   d e t e r m i n e d ,   i f   i t   i s   a  P r i n t  

Command,  CTM  s t a r t s   t h e   p r i n t   h e a d   m o t o r   and  l o o k s   f o r   t h e  

f i r s t   p r i n t   e m i t t e r .   Upon  f i n d i n g   t h e   f i r s t   p r i n t   e m i t t e r ,  

CTM  goes   i n t o   t h e   P r i n t   b l o c k   and  s t a y s   in  t h a t   a r e a   p r i n -  

t i n g   t h e   l i n e   of   d a t a   u n t i l   i t   r e a c h e s   P r i n t   C o m p l e t e  

r e p r e s e n t i n g   c o m p l e t e   p r i n t i n g   of  t h e   l i n e .   Then  CTM  g o e s  
i n t o   t h e   m a r g i n   r o u t i n e s   to   f i n d   t h e   m a r g i n s   or  a  t u r n a r o u n d  

e m i t t e r .   Once  t h e   m a r g i n s   or   t h e   t u r n a r o u n d   e m i t t e r   a r e  

d e t e r m i n e d ,   CTM  s t o p s   t h e   p r i n t   h e a d ,   s t a r t s   t he   f o r m s   a n d  

r e t u r n s   to  P r o g r a m   C o n t r o l   to   l o o k   f o r   and  a n a l y z e   f u r t h e r  

c o m m a n d s .   I f   CTM  r e c e i v e s   a d d i t i o n a l   commands  f rom  t h e   CMM, 

upon  c o m p l e t i o n   of  t h e   f o r m s   o p e r a t i o n ,   i t   s t a r t s   t he   n e x t  

p r i n t   o p e r a t i o n .   Out  of   any  of   t h e s e   b l o c k s ,   i f   an  e r r o r   i s  

d e t e c t e d ,   CTM  e x i t s   and  g o e s   i n t o   an  e r r o r   r o u t i n e   to  d e t e r -  

m i n e   wha t   and  w h e r e   t h e   e r r o r   i s .   I t   n o t i f i e s   t h e   CMM  o f  

t h e   e r r o r .   The  CMM,  b a s e d   on  t h e   t y p e   of  e r r o r ,   w i l l   e i t h e r  

r e t r y   t h e   command  or  s t o p   t h e   o p e r a t i o n   of  t h e   p r i n t e r   a n d  

n o t i f y   t he   h o s t .  

C o n t r o l   M i c r o p r o c e s s o r   R e g i s t e r s  

The  r e g i s t e r   l a y o u t   f o r   t h e   C o n t r o l   M i c r o p r o c e s s o r   210  i s  

shown  in  F i g .   56.  As  a  c o n v e n i e n c e ,   t h e   r e g i s t e r   a s s i g n m e n t s  

a r e   l i s t e d   b e l o w :  







D e s c r i p t i o n   of  P r i n t e r   B l o c k   A s s e m b l i e s   a n d  

E m i t t e r   R e l a t i o n s h i p s  

F i g s .   5 7 - 6 0   r e p r e s e n t   p r i n t   w i r e   a c t u a t o r   b l o c k   a s s e m b l i e s  

t h a t   a c c o m m o d a t e   2,  4,  6  and  8  p r i n t   h e a d s ,   r e s p e c t i v e l y .  
Each   of  t h e s e   f i g u r e s   has   a  t h r e e   n u m b e r e d   d e s i g n a t i o n   w h i c h  

s u p p l i e s   s i g n i f i c a n t   i n f o r m a t i o n .   As  an  e x a m p l e ,   the   d e s i -  

g n a t i o n   in  F i g .   57  w h i c h   is   f o r   a  p r i n t e r   u n i t   h a v i n g   t w o  

p r i n t   h e a d s   is   " 2 - 8 - 4 . 4 " .   These   n u m b e r s   mean  t h a t   t h e  

p r i n t e r   u n i t   has  two  p r i n t   h e a d s   each   h a v i n g   e i g h t   p r i n t  

w i r e s   and  t h a t   t he   f i r s t   p r i n t   w i r e   in  one  of  t he   p r i n t  

h e a d s   i s   4,4  i n c h e s   ( 1 1 , 1 8 c m )   away  f rom  t he   f i r s t   p r i n t   w i r e  

in  t h e   s e c o n d   p r i n t   h e a d .   T a k i n g   the   d e s i g n a t i o n   in  F i g .   60 

as  a n o t h e r   e x a m p l e ,   t h i s   is   " 8 - 8 - 1 . 8 " ;   t h i s   means  t h a t   t h i s  

p a r t i c u l a r   p r i n t e r   u n i t   has  e i g h t   p r i n t   h e a d s ,   e a c h   h a v i n g  

e i g h t   p r i n t   w i r e s   and  t h a t   t he   f i r s t   p r i n t   w i r e   in  one  o f  

t h e   p r i n t   h e a d s   is   l o c a t e d   1 ,8   i n c h e s   ( 4 , 5 7 c m )   away  f rom  t h e  

f i r s t   p r i n t   w i r e   in  t he   n e x t   s u c c e e d i n g   p r i n t   h e a d .  

F i g .   61  i l l u s t r a t e s   a  p r i n t   e m i t t e r   t h a t   i s   u s e f u l   w i t h   a  

p r i n t e r   u n i t   h a v i n g   two  p r i n t   h e a d s   such   as  t h a t   i l l u s t r a t e d  

in  F i g .   5 7 .  

F i g .   62  i l l u s t r a t e s   a  p r i n t   e m i t t e r   t h a t   i s   u s e f u l   in  a  



p r i n t e r   u n i t   h a v i n g   e i g h t   p r i n t   h e a d s   such   as  t h a t   shown  i n  

F i g .   60.  V a r i o u s   d i m e n s i o n s   and  p h y s i c a l   r e l a t i o n s h i p s   o f  
t h e   e m i t t e r   a r e a s   a r e   shown  in   F i g s .   61  and  62.  S i n c e   t h e  

p r i n t   h e a d s   in   a  t w o - h e a d   u n i t   a r e   1 1 , 1 8 c m   i n c h e s   a p a r t ,   a  
l o n g e r   e m i t t e r   i s   r e q u i r e d   to   p r o v i d e   p o s i t i o n a l   i n f o r m a t i o n  

as  t h e   p r i n t   h e a d s   move  a l o n g   t h e   p r i n t   l i n e .   S i n c e   t h e   t w o  

p r i n t   h e a d s   a r e   m o u n t e d   s e c u r e l y   in   a  f i x e d   r e l a t i o n s h i p ,  

F i g .   57,  o n l y   one  e m i t t e r   i s   n e c e s s a r y   to   p r o v i d e   p o s i t i o n a l  
i n f o r m a t i o n .  

R e f e r r i n g   to   F i g .   60,  t h e   p r i n t   h e a d s   a r e   l o c a t e d   much  m o r e  

c l o s e l y   t o g e t h e r   and  t h u s   t h e   s h o r t e r   e m i t t e r   shown  in  F i g .  
62  w i l l   s u f f i c e .   I t   is   n o t e d   t h a t   o n l y   t h e   p r i n t   h e a d s   a t  
e a c h   e x t r e m i t y   of  t h e   a c t u a t o r   b l o c k   in   F i g .   60  a r e   i l l u s -  

t r a t e d   b u t   t h e r e   a r e   a c t u a l l y   s i x   a d d i t i o n a l   i n t e r v e n i n g  

p r i n t   h e a d s   b e t w e e n   t h e   two  p r i n t   h e a d s   shown.   T h i s   a l s o  

a p p l i e s   to   t h e   i l l u s t r a t i o n   in   F i g .   58  s i n c e   t h e r e   a r e   t w o  

i n t e r v e n i n g   p r i n t   h e a d s   b e t w e e n   t h o s e   shown  a t   t h e   e x t r e m i -  

t i e s .   In  F i g .   59  t h e r e   a r e   f o u r   i n t e r v e n i n g   p r i n t   h e a d s   n o t  

shown ,   b e t w e e n   t h e   two  p r i n t   h e a d s   shown  a t   t h e   e x t r e m i t i e s .  

In  F i g s .   61  and  62,  t h e   d i m e n s i o n s   a r e   g i v e n   i n . m i l l i m e t e r s .  

T h u s ,   t h e   o v e r a l l   e x t e n t   of  p r i n t   e m i t t e r s   in   t h e   u p p e r  
t r a c k   w h i c h   c o r r e s p o n d s   to  T r a c k   A  in   F i g .   31  is   2 5 9 , 6 4  

m i l l i m e t e r s .   As  one  e x a m p l e ,   t h e   o v e r a l l   l e n g t h   of   t h e   p r i n t  

e m i t t e r   p u l s e s   c o r r e s p o n d i n g   to   t h o s e   shown  in  T r a c k   A  i n  

F i g .   31  i s   5 1 , 3 6 4   m i l l i m e t e r s .   The  same  p r i n c i p l e   a p p l i e s  

to  t h e   o t h e r   d i m e n s i o n s   shown .   I t   w i l l   be  r e c a l l e d   t h a t   t h e  

p r i n t   e m i t t e r   71  in  F i g .   31  i s   i l l u s t r a t e d   in   a  more   c o n v e n -  

t i o n a l   s e n s e   w i t h   t h e   l e f t   m a r g i n   a r e a   to   t h e   l e f t   and  t h e  

r i g h t   m a r g i n   a r e a   to   t h e   r i g h t .   H o w e v e r ,   as  was  p o i n t e d   o u t  

e a r l i e r ,   t h e   e m i t t e r   r e g i s t r a t i o n   g l a s s   i s   p h y s i c a l l y   l o c a t e d  

in   j u s t   t h e   o p p o s i t e   m a n n e r   in   t h e   p r i n t e r   u n i t   as  v i e w e d  

f rom  t h e   f r o n t   of  t h e   u n i t   and  w i t h   t h i s   in  m i n d ,   t h e   e m i t -  

t e r   r e g i s t r a t i o n   g l a s s   shown  in   F i g .   61,  as  w e l l   as  t h a t  

shown  in  F i g .   62,  h a v e   t h e   r a m p ,   home  and  l e f t   m a r g i n   a r e a s  

a t   t h e   r i g h t m o s t   e x t r e m i t y .  



P a r t i a l   L i n e   T u r n a r o u n d  

F i g .   63  is  a  g r e a t l y   s i m p l i f i e d   v e r s i o n   of  t he   r e l a t i o n s h i p s  
of  t h e   n o m i n a l   r i g h t   m a r g i n ,   t h e   commands  and  v a r i o u s   c o n d i -  

t i o n s   t h a t   may  be  e n c o u n t e r e d   d u r i n g   p r i n t i n g   o p e r a t i o n s  
r e l a t i v e   to  t h e   d e t e r m i n a t i o n   of  a  p a r t i a l   l i n e   t u r n a r o u n d .  

The  f i r s t   w i r e   l o c a t i o n   i s   shown  a f t e r   wh ich   the   f o r m s   a n d  

p r i n t   command  o c c u r r e n c e s   a re   i n d i c a t e d .  

The  n o m i n a l   r i g h t   m a r g i n   i s   t he   minimum  d i s t a n c e   t he   p r i n t  
h e a d   mus t   move  to  p r i n t   f rom  one  to  "n"  c h a r a c t e r s .   T h e  

t e r m   "n"  c h a r a c t e r s   e q u a l s   t he   n o m i n a l   l i n e   l e n g t h   f o r   a  

g i v e n   head   c o n f i g u r a t i o n .   The  n o m i n a l   r i g h t   m a r g i n   is   s h o w n  

on  l i n e   1  w i t h   a  t u r n a r o u n d   i n d i c a t e d   a t   l i n e   2  i f   p r i n t i n g  

a t   l e a s t   moves  to  t he   n o m i n a l   r i g h t   m a r g i n . .   I f   p r i n t i n g  

t e r m i n a t e s   s o o n e r   t h a n   t he   n o m i n a l   r i g h t   m a r g i n   t h e n   t u r n -  

a r o u n d   may  o c c u r   as  i n d i c a t e d   in  l i n e s   3  and  4 .  

F i g .   64  i l l u s t r a t e s   v a r i o u s   t i m i n g   c o n d i t i o n s   when  t h e  

p r i n t e r   is   mov ing   l e f t   from  a  t u r n a r o u n d   e m i t t e r   or  i s  

m o v i n g   l e f t   f rom  a  r i g h t   m a r g i n   e m i t t e r   a r e a .   The  c h a r t  

p r o v i d e s   i n f o r m a t i o n   f o r   p r i n t i n g   b o t h   a t   10  c h a r a c t e r s   p e r  
i n c h   and  15  c h a r a c t e r s   pe r   i n c h .   R e l a t i o n s h i p s   a re   s e t   u p  
in  t he   C o n t r o l   m i c r o p r o c e s s o r   s t o r a g e   and  p r o v i d e   an  i n d i c a -  

t i o n   as  to  when  the   f i r s t   p r i n t   e m i t t e r   to  be  p r i n t e d   on  may 

be  e n c o u n t e r e d   a t   t he   two  p r i n t i n g   d e n s i t i e s .   A  p o i n t   o f  

i n t e r e s t   is   t h a t   t he   s p e e d   of  the   p r i n t   m o t o r   is   v a r i e d  

d e p e n d i n g   upon  t he   p r i n t   d e n s i t y .   T h a t   i s ,   t he   p r i n t   m o t o r  

moves  more  r a p i d l y   a t   10  c h a r a c t e r s   p e r   i n c h   s i n c e   t h e r e   a r e  

f e w e r   d o t s   to  be  p r i n t e d   and  moves  more  s l o w l y   a t   15  c h a r a c t -  

e r s   pe r   i n c h   s i n c e   t h e r e   a r e   more  d o t s   to  be  p r i n t e d .   As  a  

c o n s e q u e n c e   of  t h i s ,   t he   e m i t t e r s   w i l l   o c c u r   more  f r e q u e n t l y  

d u r i n g   a  10  c h a r a c t e r   pe r   i n c h   p r i n t   o p e r a t i o n   t h a n   t h e y  

w i l l   d u r i n g   a  15  c h a r a c t e r   pe r   i n c h   o p e r a t i o n .   A c t u a l l y   t h e  

d i s t a n c e   t r a v e l e d   i s   i d e n t i c a l ,   a s s u m i n g   t h a t   t he   s a m e  

amoun t   of  i n f o r m a t i o n   n e e d s   to  be  p r i n t e d   bu t   i t   t a k e s   a b o u t  

o n e - t h i r d   l o n g e r   to  g e t   f rom  one  e m i t t e r   to  t he   n e x t   e m i t t e r  



l o c a t i o n   d u r i n g   t h e   15  c h a r a c t e r   p e r   i n c h   p r i n t i n g   o p e r a t i o n  
t h a n   i t   d o e s   d u r i n g   t h e   10  c h a r a c t e r   p e r   i n c h   o p e r a t i o n .   A 
n u m b e r   of   f i g u r e s   in   m i c r o s e c o n d s   i s   p r o v i d e d   to   i n d i c a t e  

t h e   e a r l i e s t   and  l a t e s t   t i m e s   f o r   r e c e i p t   of   t h e   f i r s t  
e m i t t e r   p u l s e   t h a t   can   be  u s e d   f o r   p r i n t i n g   o p e r a t i o n s   a f t e r  

a  t u r n a r o u n d   or   a f t e r   h a v i n g   e n c o u n t e r e d   t h e   r i g h t   m a r g i n  

a r e a .   T h i s   can   be  u s e d   by  t h e   C o n t r o l   m i c r o p r o c e s s o r   b a s e d  

on  t h e   f i r s t   d e t e c t e d   r e a l   e m i t t e r   to   a d j u s t   t h e   r e l a t i o n -  

s h i p   b e t w e e n   t h e   f a l s e   e m i t t e r s   and  t h e   r e a l   e m i t t e r s   w h i c h  

s h o u l d   a l w a y s   be  450  m i c r o s e c o n d s .  

L a y o u t   of   E m i t t e r s  

R e f e r e n c e   i s   a g a i n   made  to   t h e   d e s c r i p t i o n   c o n c e r n i n g   F i g .  
32  and  i t s   r e l e v a n c e   to   t h e   e m i t t e r   g l a s s   71  shown  in  F i g .  
31  f o r   a  d i s c u s s i o n   of  t h e   t u r n a r o u n d   a r e a s   t h a t   a r e  p r o v i -  

ded  on  t h e   e m i t t e r s .   T h e s e   t u r n a r o u n d   a r e a s   a r e   p i c t u r e d   i n  

t r a c k   B  of   t h e   two  e m i t t e r s   i l l u s t r a t e d   in   F i g s .   61  and  62 

as  w e l l .   In  c o n n e c t i o n   w i t h   F i g .   32,  t h e   l e n g t h   of  t h e  

s e g m e n t s   in   t r a c k   B  a r e   c h o s e n   to  be  l o n g e r   t h a n   t h e   d i s t a n c e  

t h a t   i t   o r d i n a r i l y   t a k e s   t h e   p r i n t   h e a d   to  s t o p .   T h u s ,   i t  

i s   p r e f e r r e d   t h a t   a f t e r   i t   e n c o u n t e r s   t h e   t u r n a r o u n d   e m i t t e r  

e d g e ,   t h a t   t h e   p r i n t   h e a d   w i l l   be  a b l e   to  s t o p   b e f o r e  

e n c o u n t e r i n g   t h e   o p p o s i t e   e m i t t e r   edge   f o r   t h e   same  t u r n -  

a r o u n d   e m i t t e r   a r e a .   The  h i g h e r   t h e   p r i n t   h e a d   s p e e d   a n d  

t h e   l o n g e r   t h e   t u r n a r o u n d   t i m e ,   t h e   l o n g e r   a r e   t h e   t r a c k   B 

s e g m e n t s .  

The  l e n g t h   of  t h e   t r a c k   B  s e g m e n t s   may  be  r e d u c e d   and  p r i n t  

t h r o u g h p u t   c o r r e s p o n d i n g l y   i n c r e a s e d   i f   a n  a d d i t i o n a l   s p e e d  

s i g n a l   i s   i n t r o d u c e d .   The  d i r e c t i o n a l   s i g n a l   may  be  d e v e l o p -  

ed  d i r e c t l y   f rom  an  a n a l o g   t a c h o m e t e r   w h i c h   p r o v i d e s   a  

p o s i t i v e   v o l t a g e   when  t h e   m o t o r   r o t a t e s   in   one  d i r e c t i o n ,  

and  a  n e g a t i v e   v o l t a g e   when  i t   r o t a t e s   in  t h e   o p p o s i t e  

d i r e c t i o n .  

By  a d d i n g   t h e   d i r e c t i o n a l   t a c h o t e m e t e r   s i g n a l   to  t h e   t r a c k   B 

o u t p u t ,   a  d i s t i n c t i o n   can  be  made  b e t w e e n   t h e   p r i n t h e a d  



c o n t i n u i n g   in  t h e   o r i g i n a l   d i r e c t i o n   when  e n t e r i n g   a  n e w  
t r a c k   B  s e g m e n t ,   and  the   p r i n t   h e a d   r e t u r n i n g   to  t he   j u s t  

p a s s e d   s e g m e n t .  

The  m a j o r   a d v a n t a g e   of  t he   e m i t t e r   t u r n a r o u n d   a r r a n g e m e n t   i s  

t h e   e l i m i n a t i o n   of  u n w a n t e d   e m i t t e r s .   When  t h e   c a r r i e r   a n d  

w i t h   i t   t h e   s e n s o r   comes  to  r e s t   a t   an  e m i t t e r   t r a n s i t i o n ,  

T r a c k   A,  t h e n   t h e   s l i g h t e s t   j i t t e r   of  t h e   c a r r i e r   a s s e m b l y  

may  c a u s e   t h e s e   u n w a n t e d   e m i t t e r s .   T h e s e   e m i t t e r s   a re   n o t  

r e g i s t e r e d   w i t h   t h e   s cheme   d e s c r i b e d   s i n c e   t he   e m i t t e r   c o u n t  

w i l l   be  f r o z e n   a t   t he   T r a c k   B  e m i t t e r   t u r n a r o u n d   t r a n s i t i o n .  

Summary  of  P r i n c i p l e s   Used  f o r   D e t e r m i n a t i o n   o f  

P a r t i a l   L i n e   T u r n a r o u n d  

The  f o l l o w i n g   s u m m a r i z e s   t he   p r i n c i p l e s   u s e d   in  t he   d e t e r -  

m i n a t i o n   of  p a r t i a l   l i n e   t u r n a r o u n d .  

When  l e s s   t h a n   a  f u l l   l i n e   of  p r i n t   is   r e q u i r e d ,   t he   p r i n t  

h e a d s   can  s t o p   and  t u r n   a r o u n d   b e f o r e   t h e y   r e a c h   the   end  o f  

t h e   maximum  l i n e   l e n g t h .   The  f o l l o w i n g   p r i n c i p l e s   w i l l   w o r k  

f o r   any  number   of  w i r e   m a t r i x   h e a d s   (#HD),  head   s p a c i n g  

(HDSP)  and  c h a r a c t e r s   pe r   i n c h   ( C P I ) .  

Each   head   is   a s s i g n e d   the   o p t i o n   of  p r i n t i n g   a  g i v e n   n u m b e r  

of  c h a r a c t e r s   d u r i n g   a  s i n g l e   c a r r i e r   m o v e m e n t .   I f   t h e  

n u m b e r   of  c h a r a c t e r s   to  be  p r i n t e d   e x c e e d s   t he   max imum 

n u m b e r   of  p r i n t   p o s i t i o n s   f o r   one  h e a d ,   t h e n   i t   b e c o m e s  

n e c e s s a r y   to  p r i n t   a  n o m i n a l   l i n e .   A  n o m i n a l   l i n e   is  d e f i -  

ned  as  t h e   number   of  p r i n t   p o s i t i o n s   a  head   can  p r i n t   t i m e s  

t h e   number   of  h e a d s .   T h i s   l e n g t h   i s   l e s s   t h a n   the   max imum 

l i n e   l e n g t h   and  t h e   a d d i t i o n a l   p o s i t i o n s   b e y o n d   a  n o m i n a l  

l i n e   a r e   d e f i n e d   as  e x t e n d e d   l i n e   p r i n t i n g   (ELP).   The  a d d i -  

t i o n a l   p o s i t i o n s   w i l l   be  p r i n t e d   w i t h   t he   r i g h t m o s t   p r i n t  

h e a d ,   w h i c h   m a y  o r   may  n o t   be  t h e   maximum  l i n e   l e n g t h .  

For   e a c h   head   c o n f i g u r a t i o n ,   a  t a b l e   i s   u s e d   t h a t   i d e n t i f i e s  



t h e   s t a r t i n g   p r i n t   p o s i t i o n   of   t h e   r i g h t m o s t   h e a d   (RMH)  a n d  
t h e   d i s t a n c e   b e t w e e n   t h e   l e f t m o s t   w i r e   of   e a c h   h e a d   ( H D S P ) ,  
s e e   T a b l e   A .  

A l l   a d d i t i o n a l   n u m b e r s   can  be  o b t a i n e d   f rom  t h e s e   two  v a -  

l u e s .   ELP  i s   d e f i n e d   as  RMH  p l u s   (HDSP)  ( C P I ) .   K  i s   a  

c o n s t a n t   f o r   e a c h   h e a d   and  i s   d e f i n e d   as  t h e   d i s t a n c e   f r o m  

t h e   l e f t m o s t   w i r e   t o   t h e   r i g h t m o s t   w i r e .   In  t h e   c a s e   of   a l l  

w i r e s   b e i n g   in  a  v e r t i c a l   p l a n e ,   K  w o u l d   be  0.  I f   t h e   w i r e s  

a r e   s l o p e d ,   as  in   t h e   p r i n t e r   u n i t   h e r e i n   (See  F i g s .   33A  a n d  

3 3 B ) ,   K  i s   1 ,4   i n c h e s   ( 3 , 5 6 c m ) .   T h a t   i s ,   t h e r e   a r e   f o u r t e e n  

c h a r a c t e r   s p a c i n g s   a t   0,1  i n c h   (2,54mm)  p e r   c h a r a c t e r .   STOP 

is   d e f i n e d   as  t h e   l a s t   p r i n t   p o s i t i o n   t h e   r i g h t m o s t   h e a d  

m u s t   p r i n t   or  p a s s   t h r o u g h   to  c o m p l e t e   a  g i v e n   c h a r a c t e r  

c o u n t   (CHCT) .  

A l l   l i n e   l e n g t h s   can   be  d e f i n e d   i n t o   t h r e e   a r e a s   and  t h e  

f o l l o w i n g   f o r m u l a s   a r e   u s e d   in  t h i s   s e q u e n c e .  

1.  D e f i n i t i o n   of  l e s s   t h a n   n o m i n a l   l i n e   and  i t s   STOP 

f o r m u l a .  

CHCT  <  (HDSP)  ( C P I )  

STOP  =  (CHCT)+(HDSP)  (CPI)  (#HD1)+(K)  ( C P I )  



2.  D e f i n i t i o n   of  n o m i n a l   l i n e   l e n g t h   and  i t s   STOP 

f o r m u l a .  

3.  E x t e n d e d   l i n e   p r i n t i n g   i s   a n y t h i n g   n o t   c o v e r e d   b y  
1  or  2  b u t   d o e s   have   i t s   own  STOP  f o r m u l a .  

The  a b o v e   d e s c r i p t i o n   i s   f o r   r i g h t   p a r t i a l   l i n e   t u r n a r o u n d  

and  l e f t   p a r t i a l   l i n e   t u r n a r o u n d   wou ld   use  t h e   same  t y p e   o f  

c a l c u l a t i o n s .   T h e r e   a r e   two  c o n d i t i o n s   t h a t   l e f t   p a r t i a l  

c o u l d   be  c o n s i d e r e d :  

(1)  i s   to  s t a r t   a  n o m i n a l   l i n e   a t   t he   p o i n t   t h e   l a s t   l i n e  

e n d e d   or  some  p o i n t   t h a t   w o u l d   a l l o w   a l l   of  t he   l i n e   to  b e  

p r i n t e d   o r ,  

(2)  s t a r t   to  t he   l e f t   w i t h   ELP  i f   ELP  had  been   u s e d   a n d  

t h e n   f i n i s h   w i t h   n o m i n a l   p r i n t i n g .   Les s   t h a n   n o m i n a l   l i n e  

l e n g t h   w o u l d   be  p o s s i b l e   in  a l l   c a s e s .  

A d v a n t a g e s   to  be  g a i n e d   by  use   of  p a r t i a l   l i n e   t u r n a r o u n d  

can  be  r e a l i z e d   by  i n s p e c t i o n   of  t he   f o l l o w i n g   t a b l e .   T h i s  

t a b l e   u s e s   t h e   maximum  l i n e   l e n g t h   p r i n t i n g   t i m e   f o r   e a c h  

h e a d   c o n f i g u r a t i o n   as  a  100%  and  t h e n   shows  t h e   p e r c e n t a g e  

i n c r e a s e   when  u s i n g   p a r t i a l   l i n e   t u r n a r o u n d .  

The  p r i n t i n g   t h r o u g h p u t   i s   d e p e n d e n t   upon  t he   l e n g t h   o f  



p r i n t   l i n e s ,   s p a c i n g ,   and  s k i p p i n g   and  d o e s   n o t   v a r y   w i t h  

t h e   c h a r a c t e r   s e t   u s e d   by  t h e   p r i n t e r .   P r i n t i n g   t h r o u g h p u t  

i s   f o r   b o t h   maximum  f o r m s   w i d t h   and  p a r t i a l   l i n e   t u r n a r o u n d  

f o r m a t t e d   w i d t h .   T h r o u g h p u t   f o r   t y p i c a l   d o c u m e n t s   w o u l d  

t y p i c a l l y   f a l l   b e t w e e n   t h e   p a r t i a l   l i n e   t u r n a r o u n d   a n d  

maximum  v a l u e s   shown  in  t h e   c h a r t .  

A c t u a l   E x a m p l e s  

R e f e r e n c e   i s   made  to   F i g .   72  w h i c h   i l l u s t r a t e s   t h e   r e l a t i o n -  

s h i p s   of  t h e   p r i n t   w i r e s   and  p r i n t i n g   or   c h a r a c t e r   l o c a t i o n s  

on  t h e   d o c u m e n t   f o r   p r i n t e r   u n i t s   h a v i n g   two  p r i n t   h e a d s   i n  

one  c a s e   and  e i g h t   p r i n t   h e a d s   in  a n o t h e r   c a s e .   T h e p r i n -  

c i p l e s   of  d e t e r m i n i n g   w h e t h e r   l e s s   t h a n   n o m i n a l   l i n e   l e n g t h ,  

n o m i n a l   l i n e   l e n g t h ,   or  e x t e n d e d   p r i n t i n g   i s   r e q u i r e d   i s  

g e n e r a l l y   t h e   same  r e g a r d l e s s   of   t h e   number   of  p r i n t   h e a d s  

i n v o l v e d ,   t h e   h e a d   s p a c i n g ,   or  t h e   n u m b e r   of  c h a r a c t e r s   t o  

b e  p r i n t e d .   The  f o l l o w i n g   d i s c u s s i o n   i s   p r e d i c a t e d   on  a  

maximum  p r i n t   l i n e   l e n g t h   of  132  c h a r a c t e r   l o c a t i o n s   a n d  

i n v o l v e s   p r i n t e r   u n i t s   w i t h   b o t h   two  p r i n t  h e a d s   and  e i g h t  

p r i n t   h e a d s   w i t h   t h e   s p a c i n g   shown  in  F i g .   72.  C h a r a c t e r  

l o c a t i o n   n u m b e r s  ' a r e   n o t   d i r e c t l y   a l l o t t e d   to  p r i n t   p o s i t i o n  

n u m b e r s .  

The  f o l l o w i n g   e x a m p l e s   w i l l   i l l u s t r a t e   c o n d i t i o n s   e n c o u n -  

t e r e d   d u r i n g   a c t u a l   p r i n t   o p e r a t i o n s   i n v o l v i n g   p r i n t e r   u n i t s  

h a v i n g   two  p r i n t   h e a d s   and  e i g h t   p r i n t   h e a d s ,   r e s p e c t i v e l y .  

A  t e s t   i s   f i r s t   made  by  t h e   r o u t i n e s   in  t he   C o n t r o l   m i c r o -  

p r o c e s s o r   to   c h e c k   w h e t h e r   or  n o t   t h e   number   of  c h a r a c t e r s  

i s   l e s s   t h a n   a  n o m i n a l   l i n e   l e n g t h .   The  f o l l o w i n g   i n f o r -  

m a t i o n   p e r t a i n s   to  p r i n t e r   u n i t s   w i t h   b o t h   two  h e a d s   a n d  

e i g h t   h e a d s .  

S i t u a t i o n   N o .  1 :   The  l e f t m o s t   p r i n t   h e a d   w i l l   p r i n t   t h e  

c h a r a c t e r s   when  t h e y   t o t a l   l e s s   t h a n   t h e   n o m i n a l   l i n e   l e n g t h  

and  a r e   a l l   l o c a t e d   in  i t s   a s s i g n e d   a r e a .  



The  l a s t   p r i n t   b u f f e r   p o s i t i o n   c o v e r e d   by  t he   r i g h t m o s t   w i r e  
in  t h e   r i g h t m o s t   p r i n t   head   w i l l   be  as  f o l l o w s :  

R e f e r r i n g   to  t he   i n f o r m a t i o n   f o r   t he   p r i n t e r   u n i t   w i t h   t w o  

h e a d s ,   as  an  e x a m p l e ,   i f   t he   c h a r a c t e r   c o u n t   i s   l e s s   t h a n  

f o r t y f o u r ,   t h e n   a l l   p r i n t i n g   can  be  h a n d l e d   by  Head  No.  1 .  

T h a t   i s ,   Head  No.  1  can  p r i n t   up  to  and  i n c l u d i n g   f o r t y - f o u r  

c h a r a c t e r s .  

For   a  p r i n t e r   u n i t   w i t h   e i g h t   h e a d s ,   a  t e s t   i s   made  to  s e e  

w h e t h e r   t he   c h a r a c t e r   c o u n t   e x c e e d s   e i g h t e e n   c h a r a c t e r s .  

I f ,   in  t he   c a s e   of  t he   p r i n t e r   u n i t   w i t h   two  p r i n t   h e a d s ,  

t h e   number   of  c h a r a c t e r s   in  any  s e l e c t e d   l i n e   to  be  p r i n t e d  

e x c e e d s   f o r t y - f o u r   in  n u m b e r ,   t h e n   the   r o u t i n e   p r o c e e d s   t o  

t h e   n e x t   t e s t   w h i c h   is   to  d e t e r m i n e   w h e t h e r   or  n o t   a  n o m i n a l  

l i n e   l e n g t h   e x i s t s .   The  f o l l o w i n g   i n f o r m a t i o n   is   p e r t i n e n t  

f o r   p r i n t e r   u n i t s   w i t h   two  h e a d s   and  e i g h t   h e a d s .  



S i t u a t i o n   2:  P r i n t   Head  1  p l u s   o t h e r   p r i n t   h e a d s   a r e   u t i -  
l i z e d   in  t h e i r   a s s i g n e d   a r e a s   to   p r i n t   c h a r a c t e r s   when  t h e y  
n u m b e r   l e s s   t h a n   or   a r e   e q u a l   to  t h e   n o m i n a l   l i n e   l e n g t h   f o r  
t h e   l e f t m o s t   p r i n t   h e a d .  

The  l a s t   p r i n t   b u f f e r   p o s i t i o n   c o v e r e d   by  t h e   r i g h t m o s t   w i r e  

in  t h e   r i g h t m o s t   p r i n t   head   w i l l   be  as  f o l l o w s :  

From  t h e   t a b u l a t i o n ,   i t   can  be  s e e n   t h a t   any  l i n e   of  p r i n t i n g  

t h a t   has   l e s s   t h a n   or   e q u a l   to  s e v e n t y - f o u r   c h a r a c t e r s  

maximum  can  be  p r i n t e d   by  u t i l i z i n g   b o t h   of  t h e   p r i n t   h e a d s  

in  a  p r i n t e r   u n i t   h a v i n g   two  p r i n t   h e a d s .   In  t h e   c a s e   of  a  



p r i n t e r   u n i t   w i t h   e i g h t   h e a d s ,   t h e   s i g n i f i c a n t   c h a r a c t e r  

c o u n t   is   1 3 0 .  

I f   t he   number   of  c h a r a c t e r s   in  a  l i n e   to  be  p r i n t e d   e x c e e d s  

74  in  t he   c a s e   of  two  h e a d s ,   or  130  in  t he   c a s e   of  e i g h t  

h e a d s ,   t h e n   t h e   r o u t i n e   p r o c e e d s   to  d e t e r m i n e   w h e t h e r   e x -  

t e n d e d   l i n e   p r i n t i n g   i s   n e c e s s a r y   and  t h e   f o l l o w i n g   i n f o r -  

m a t i o n   i s   p e r t i n e n t   f o r   t h i s   d e t e r m i n a t i o n .  

S i t u a t i o n   3:  When  t h e   n u m b e r   of  c h a r a c t e r s   in  a  l i n e   e x t e n d s  

b e y o n d   t he   n o m i n a l   l i n e   l e n g t h   f o r   a l l   p r i n t   h e a d s ,   t h e  

r i g h t m o s t   p r i n t   h e a d   p r i n t s   a l l   c h a r a c t e r s   l o c a t e d   b e y o n d  

t h e   n o m i n a l   l i n e   l e n g t h   up  to  t he   maximum  l i n e   l e n g t h .  

( E x a m p l e : 1 3 2   c h a r a c t e r s   maximum  f o r   10  c h a r a c t e r s   p e r  
i n c h ) .  

The  l a s t   p r i n t   b u f f e r   p o s i t i o n   c o v e r e d   by  the   r i g h t m o s t   w i r e  

in  t he   r i g h t m o s t   head   w i l l   be  as  f o l l o w s :  

C o n s i d e r i n g   t he   p r i n t e r   u n i t   w i t h   two  p r i n t   h e a d s ,   i f   1 3 2  

c h a r a c t e r s   need   to  be  p r i n t e d   in  a  g i v e n   l i n e ,   t h a t   is   t h e  

maximum  number   of  c h a r a c t e r s   t h a t   can  be  a c c o m m o d a t e d   a t   10 

c h a r a c t e r s   pe r   i n c h ,   t he   b l a n k   a r e a s   in  t he   l e f t   and  r i g h t  



m a r g i n   p o r t i o n s   of   t h e   p r i n t   l i n e   a l s o   n e e d   to   be  t a k e n   i n t o  
a c c o u n t .   T h e s e   a r e a s   c o m p r i s e   14  c h a r a c t e r   l o c a t i o n s   e a c h  

f o r   a  t o t a l   of   28  c h a r a c t e r   l o c a t i o n s .   When  t h i s   i s   a d d e d  

to  t h e   132  c h a r a c t e r   maximum  f o r   10  c h a r a c t e r s   p e r   i n c h ,   a  
t o t a l   of  160  p r i n t  p o s i t i o n s   i s   i n v o l v e d .   So  u n d e r   t h e s e  

c i r c u m s t a n c e s ,   and  c o n s i d e r i n g   t h e   p r i n t e r   u n i t   w i t h   t w o  

p r i n t   h e a d s   a g a i n ,   t h e   two  p r i n t   h e a d s   w i l l   h a n d l e   74  

c h a r a c t e r s   of   p r i n t i n g   w h i c h   i s   t h e   n o m i n a l   l i n e   l e n g t h   a n d  

P r i n t   Head  N o .  2   w i l l   c o n t i n u e   p a s t   c h a r a c t e r   p o s i t i o n   74 

f o r   e x t e n d e d   p r i n t i n g   on  up  to   t h e   a s s u m e d   maximum  c h a r a c t e r  

c o u n t   of   1 3 2 .  

When  a  p r i n t e r   u n i t   has   e i g h t   p r i n t   h e a d s ,   t h e   e x t e n d e d  

p r i n t i n g   in   t h e   l i n e   i n v o l v e s   o n l y   a  s h o r t   d i s t a n c e   f o r  

P r i n t   Head  N o .  8   in   o r d e r   to  p r i n t   c h a r a c t e r   l o c a t i o n s   1 3 1  

and  1 3 2 .  

A n a l y s i s ,   R i g h t   M a r g i n ,   and  P r i n t   L i n e   D e t e r m i n a t i o n s  

F i g .   72  i l l u s t r a t e s   t h e   r e l a t i o n s h i p   of  p r i n t   w i r e s   a n d  

p r i n t   l o c a t i o n s   on  a  d o c u m e n t   d u r i n g   s t a r t - u p   of   p r i n t i n g .  

F i g s .   6 5 - 6 8   show  t h e   o p e r a t i o n s   f o r   a n a l y z i n g   c o m m a n d s .  

The  c o n t r o l   m i c r o p r o c e s s o r   r e a d s   t h e   command  r e g i s t e r   f r o m  

t h e   C o m m u n i c a t i o n s   m i c r o p r o c e s s o r   and  t e s t s   i f   t h e   p a r i t y  

b i t   i s   on.   The  p a r i t y   b i t   b e i n g   on  d i c t a t e s   t h a t   t h e   C o m -  

m u n i c a t i o n s   m i c r o p r o c e s s o r   h a s   had  a  p a r i t y   c h e c k   and  h a s  

s t o p p e d .   No  f u r t h e r   a c t i o n   w o u l d   t h e n   be  t a k e n   by  t h e  

C o n t r o l   m i c r o p r o c e s s o r .   N e x t   a  c h e c k   of  a  command  v a l i d i t y  

b i t   i s   made  w h i c h   i n d i c a t e s   t h a t   t h i s   command  has   b e e n   p u t  

in   t h e   r e g i s t e r   by  t h e   C o m m u n i c a t i o n s   m i c r o p r o c e s s o r .   I f  

t h e   v a l i d i t y  b i t   i s   on,   t h e   command  is   moved  to   r e g i s t e r s   i n  

t h e   C o n t r o l   m i c r o p r o c e s s o r   and  t h e   m i c r o p r o c e s s o r   f e t c h e s  

t h e   command  d a t a   f r o m   t h e   c o m m u n i c a t i o n s   r e g i s t e r s   d i s c u s s e d  

in  c o n n e c t i o n   w i t h   t h e   C o n t r o l   a d a p t e r   11,  F i g .   51B.  T h e  

command  d a t a   and  t h e   c o m m u n i c a t i o n s   d a t a   a r e   E x c l u s i v e   O r e d  

t o g e t h e r   and  o u t p u t t e d   to   t h e   C o m m u n i c a t i o n s   a d a p t e r   t h r o u g h  

c o m m u n i c a t i o n s   r e g i s t e r s ,   F i g s .   51A  and  B.  An  echo   b i t   i s  

t u r n e d   on  a t   t h i s   t i m e   and  an  o u t p u t   made  to   t h e   S t a t u s  



r e g i s t e r   225 ,   F i g .   51B.  The  p u r p o s e   of  t h i s   i s   to  r o u t e   a l l  

command  d a t a   f rom  t h e   C o m m u n i c a t i o n s   m i c r o p r o c e s s o r   t h r o u g h  

t he   C o n t r o l   m i c r o p r o c e s s o r   back   to  t h e   C o m m u n i c a t i o n s   m i c r o -  

p r o c e s s o r   in  o r d e r   to   t e s t   t he   i n t e g r i t y   of   t he   c o m m u n i c a -  

t i o n s   p a t h   b e t w e e n   t h e   two  m i c r o p r o c e s s o r s .   I f   t h e   d a t a  

r e c e i v e d   b a c k   by  t he   C o m m u n i c a t i o n s   m i c r o p r o c e s s o r   does   n o t  

c o m p a r e   w i t h   t h e   d a t a   t h a t   was  s e n t ,   t h e n   an  e r r o r   i s   d e t e c -  

t e d   and  t h e   p r i n t e r   is  s t o p p e d .   Nex t   a  t e s t   i s   made  to  s e e  

i f   a  Forms  command  has   been   r e c e i v e d   and  i f   a  Forms  c o m m a n d  

is   p r e s e n t l y   b e i n g   p e r f o r m e d .   I f   a  Forms  command  i s   n o t  

b e i n g  p e r f o r m e d   t h e n   a  c h e c k   is   made  of  t h e   low  o r d e r   b y t e  

of  t h e   Forms  Command  and  i t   is   s t o r e d   in  an  I n p u t / O u t p u t  

r e g i s t e r   s t a c k .   A  Forms  command  f l a g   is   t u r n e d   on  and  a  

Forms  S t a r t   f l a g   is   t u r n e d   on.  A l s o ,   t he   v a l i d i t y   b i t   i s  

r e s e t   to  i n d i c a t e   to  t h e  C o m m u n i c a t i o n s   m i c r o p r o c e s s o r   t h a t  

t he   command  has   been   a c c e p t e d .   I f   a  Forms  command  was  n o t  

r e c e i v e d   ( 3 B . F i g .   6 7 ) ,   a  t e s t   is   made  to  see   i f   i t   is   a  

P r i n t   command  t h a t   has   been   r e c e i v e d .   I f   n o t ,   t he   n e x t  

c h e c k   i s   to  see   i f   i t   i s   a  T e s t   command  t h a t   has  been   r e -  

c e i v e d .   I f   i t   is   a  T e s t   command,  t he   command  d a t a   is  s t o r e d  

in  t h e   I n p u t / O u t p u t   s t a c k   227,   F i g .   51B,  in  the   t e s t   m o d e  

v a l u e ,   a  T e s t   command  f l a g   is   t u r n e d   on  and  t he   command  

v a l i d i t y   is   r e s e t .   I f   i t   was  no t   a  T e s t   command,   a  t e s t   i s  

made  to  see   i f   a  command  is   b e i n g   p e r f o r m e d   and  i f   a n y  
command  is   p r e s e n t l y   b e i n g   p e r f o r m e d ,   t he   command  is   n o t  

a c c e p t e d   a t   t h i s   t i m e .   I f   a  command  is   n o t   b e i n g   p e r f o r m e d ,  

a  P a r k   f l a g   is   t u r n e d   on  and  v a l i d i t y   is  r e s e t .  

I f   a  P r i n t   command  i s   a s s u m e d   to  have   been   r e c e i v e d   ( 1 B .  

F i g .   6 5 ) ,   a  t e s t   is   p e r f o r m e d   to  see  i f   a  P r i n t   command  

f l a g   i s   on.  I f   t h i s   p r i n t   command  f l a g   is  on  wh ich   means  a  

p r i n t   command  is   p r e s e n t l y   b e i n g   p e r f o r m e d ,   a  P r i n t   P e n d i n g  

f l a g   i s   t u r n e d   on  and  a  c h e c k   is  made  to  see   i f   t he   head   i s  

m o v i n g   l e f t .   I f   t he   head   is  no t   mov ing   l e f t ,   a  c h e c k   is   m a d e  

to  see   i f   p r i n t   d e n s i t y   is   a t   15  c h a r a c t e r s   pe r   i n c h .   I f  

t h e   p r e s e n t   d e n s i t y   i s   no t   a t   15  c h a r a c t e r s   pe r   i n c h ,   a  

c h e c k   is   made  to  see   i f   the   d e n s i t y   was  a t   15  c h a r a c t e r s   p e r  



i n c h .   I f   t h e   r e s u l t   i s   Yes ,   a  D e n s i t y   Change   f l a g   i s   t u r n e d  
on  i n d i c a t i n g   t h a t   t h e   n e x t   p r i n t   l i n e   i s   a t   a  d i f f e r e n t  

d e n s i t y   t h a n   t h e   p r e s e n t   p r i n t   l i n e .   A f t e r   t e s t i n g   to   s e e  
i f   t h e   p r i n t   d e n s i t y   has   b e e n   c h a n g e d ,   i f   t h e   a c q u i r e d   P r i n t  
command  i s   a t   10  c h a r a c t e r s   p e r   i n c h ,   t h e   c h a r a c t e r   c o u n t   i s  
n o t   e v e n ,   i t   i s   a d j u s t e d   to  an  e v e n   c h a r a c t e r   c o u n t .   T h e  

c h a r a c t e r   c o u n t   i s   n o t   a d j u s t e d   i f   i t   i s   an  even   n u m b e r .  

The  p u r p o s e   o f   t h i s   i s   to   k e e p   t h e   t i m i n g   of   t h e   e n t r y   i n t o  

t h e   r i g h t   m a r g i n   r o u t i n e   i d e n t i c a l   f o r   b o t h   10  c h a r a c t e r s  

p e r   i n c h   and  15  c h a r a c t e r s   p e r   i n c h .   The  c h a r a c t e r   c o u n t   i s  

t h e n   s t o r e d   and  t h e   e m i t t e r   c o u n t   i s   c a l c u l a t e d   f o r   t h i s  

p a r t i c u l a r   l i n e   of  p r i n t .  

I f   t h e   P r i n t   command  f l a g   i s   n o t   on  (2A.  F i g .   6 6 ) ,   t h e   p r i n t  

d e n s i t y   a t   15  c h a r a c t e r s   p e r   i n c h   i s   c h e c k e d .   I f   a  No 

r e s u l t s ,   t h e n   a  c h e c k  i s   made  as  to   w h e t h e r   t h e   d e n s i t y   w a s  

p r e v i o u s l y   15  c h a r a c t e r s   p e r   i n c h .   I f   t h e   r e s u l t   i s   Y e s ,  

t h e   m o t o r   c o n t r o l s   a r e   a c t i v a t e d .   A  15  c h a r a c t e r   p e r   i n c h  

s p e e d   f l a g   i s   t u r n e d   o f f   and  a  15  c h a r a c t e r   pe r   i n c h   f l a g   i s  

a l s o   t u r n e d   o f f .   I f   t h e   p r e s e n t   d e n s i t y   i s   15  c h a r a c t e r s   p e r  
i n c h   and  t h e   d e n s i t y   was  n o t   p r e v i o u s l y   15  c h a r a c t e r s   p e r  

i n c h   t h e n   t h e   m o t o r   c o n t r o l s   a r e   f e t c h e d   and  t h e   15  c h a r a c -  

t e r   p e r   i n c h   f l a g   and  15  c h a r a c t e r   p e r   i n c h   s p e e d   c o n t r o l  

a r e   t u r n e d   on.  In  b o t h   c a s e s   d i r e c t e d   t h e   m o t o r   c o n t r o l s  

a r e   a c t i v a t e d .  

A f t e r   t h e   c h a n g e   of   d e n s i t y   i s   p r o c e s s e d ,   a  c h e c k   i s   made  a s  

to   w h e t h e r   T e x t   B u f f e r   2  is   to  be  u s e d   and  t h e   f l a g   f o r   T e x t  

B u f f e r   2  i s   t u r n e d   on  or   o f f   as  a p p r o p r i a t e .   An  Head  I m a g e  

G e n e r a t o r   S t a r t   f l a g   i s   t h e n   t u r n e d   on  and  t he   w i r e   p o s i t i o n  

c o u n t e r   i n c o r p o r a t e d   in   t h e   h e a d   image   g e n e r a t o r ,   i s   i n i t i a -  

l i z e d   to   a  c o u n t   of  9.  The  P r i n t   command  f l a g   is   t u r n e d   o n ,  

t h e   p r i n t   p e n d i n g   f l a g   i s   t u r n e d   o f f ,   t h e   d e n s i t y   c h a n g e  

f l a g   i s   t u r n e d   o f f .  

P r i n t   D e n s i t y   A n a l y s i s  

For   s w i t c h i n g   t h e   p r i n t e r   b a c k   and  f o r t h   b e t w e e n   10  c h a r a c t e r s  



p e r   i n c h   and  15  c h a r a c t e r s   p e r   i n c h   ( F i g .   6 8 ) ,   t h e   n o m i n a l  

e m i t t e r s   f o r   10  c h a r a c t e r s   p e r   i n c h   a r e   r e a d   and  s a v e d   i n  

N o m i n a l   E m i t t e r   r e g i s t e r s   (4A.  F i g .   6 8 ) .   The  n o m i n a l  

c h a r a c t e r   c o u n t   f o r   10  c h a r a c t e r s   p e r   i n c h   is   i n p u t t e d   a n d  

a g a i n   s a v e d   in  N o m i n a l   C h a r a c t e r   C o u n t   r e g i s t e r s .   A  d e t e r -  

m i n a t i o n   i s   t h e n   made  i f   t he   p r i n t   h e a d s   a r e   mov ing   l e f t   o r  

r i g h t .   I f   t h e y   a r e   m o v i n g   l e f t ,   an  a d j u s t m e n t   of  t h e   n o m i -  

n a l   c h a r a c t e r   p o s i t i o n   f o r   t h e   10  c h a r a c t e r s   p e r   i n c h   i s  

made  and  i t   i s   s a v e d   in  t he   C h a r a c t e r   P o s i t i o n   r e g i s t e r s .  

A l s o   t h e   n o m i n a l   c h a r a c t e r   c o u n t   i s   s a v e d   in   t he   C h a r a c t e r  

P o s i t i o n   in  L e f t   M a r g i n   r e g i s t e r s .   I f   t h e   p r i n t   h e a d s   a r e  

n o t   m o v i n g   l e f t   b u t   a r e   mov ing   to  t h e   r i g h t ,   an  i n p u t   i s  

made  of  t h e   maximum  e m i t t e r   c o u n t   and  i t   is   s a v e d   in  t h e  

e m i t t e r   c o u n t e r .   The  maximum  c h a r a c t e r   p o s i t i o n   c o u n t   f o r  

10  c h a r a c t e r s   p e r   i n c h   is   s a v e d   in  t h e   c h a r a c t e r   p o s i t i o n  

r e g i s t e r .   An  i n p u t   of  t he   n o m i n a l   c h a r a c t e r   p o s i t i o n   f o r   10 

c h a r a c t e r s   p e r   i n c h   i s   made  and  i t   i s   s a v e d   in  t he   C h a r a c t e r  

P o s i t i o n   in  L e f t   M a r g i n   r e g i s t e r s .   The  o p e r a t i o n s   r e m a i n   t h e  

same  is   t he   n o m i n a l   e m i t t e r s   f o r   15  c h a r a c t e r s   p e r   i n c h   a r e  

r e a d   (4B.  F i g .   6 8 ) .   The  new  v a l u e s   a r e   f o r   15  c h a r a c t e r s   p e r  
i n c h   and  a r e   s u b s t i t u t e d   f o r   t he   v a l u e s   f o r   10  c h a r a c t e r s  

p e r   i n c h .  

R i g h t   M a r g i n  

The  n o m i n a l   e m i t t e r s   and  c h a r a c t e r   c o u n t s   n e c e s s a r y   f o r   t h e  

p a r t i a l   l i n e   t u r n a r o u n d   o p e r a t i o n   a r e   d e t e r m i n e d   ( F i g .   6 9 ) .   T h a t  

i s ,   t h e   e m i t t e r   c o u n t   a t   t he   r i g h t   m a r g i n   f o r   t he   p r e s e n t  

l i n e   is   c a l c u l a t e d   in  t e r m s   of  t he   number   of  e m i t t e r s   i n v o l -  

ved .   The  e n t r y   p o i n t   i s   r i g h t   m a r g i n .   The  f i r s t   s t e p   i s   t o  

i n p u t   t he   n o m i n a l   c h a r a c t e r   c o u n t   and  move  i t   i n t o   t he   w o r k  

r e g i s t e r s   f o r   t he   C o n t r o l   m i c r o p r o c e s s o r   210.  An  i n p u t   o f  

the   n o m i n a l   e m i t t e r   c o u n t   is  made  and  t h i s   is   s a v e d   in  t h e  

work  r e g i s t e r s ,   as  w e l l .   The  commanded  c h a r a c t e r   c o u n t   f o r  

t h i s   p r i n t   l i n e   i s   i n p u t t e d   n e x t   and  c o m p a r e d   to  see  i f   t h e  

commanded  c h a r a c t e r   c o u n t   is  g r e a t e r   t h a n   t he   n o m i n a l   c h a -  

r a c t e r   c o u n t .   I f   t he   commanded  c h a r a c t e r   c o u n t   is  g r e a t e r  



t h a n   n o m i n a l ,   t h e n   t h e   n o m i n a l   c h a r a c t e r   c o u n t   i s   s u b t r a c t e d  
and  t h e   d i f f e r e n c e   i s   m u l t i p l i e d   by  9.  T h a t   r e s u l t   i s   a d d e d  
to   t h e   n o m i n a l   e m i t t e r   c o u n t   to   d e t e r m i n e   t h e   new  r i g h t  

m a r g i n   v a l u e .   I f   t h e   c h a r a c t e r   c o u n t   i s   l e s s   t h a n   or  e q u a l  
to   t h e   n o m i n a l   c h a r a c t e r   c o u n t ,   t h e n   t h e  r i g h t   m a r g i n   v a l u e  
b e c o m e s   t h e   e m i t t e r   c o u n t   f o r   t h e   n o m i n a l   c h a r a c t e r   c o u n t .  
The  r e s u l t   i s   moved  to   t h e   r i g h t   m a r g i n  v a l u e   r e g i s t e r s   i f  

t h e   r e s u l t   i s   g r e a t e r   t h a n   t h e   p r e s e n t   v a l u e   in   t h e   r i g h t  

m a r g i n   r e g i s t e r s   and  t h e n   t h e   r o u t i n e   r e t u r n s .  

Head  M o v i n g   R i g h t   In  P r i n t   A r e a   and  C o m p l e t i o n  

of   P r i n t i n g  

F i g .   70  and  71  i l l u s t r a t e   t h e   o p e r a t i o n s   i n v o l v e d   w h i l e  

p r i n t i n g   i s   t a k i n g   p l a c e   and  a l s o   a t   t h e   c o m p l e t i o n   o f  

p r i n t i n g   t h e   d e t e r m i n a t i o n   of   t h e   t e r m   a r o u n d   p o i n t .   I t   i s  

a s s u m e d   t h a t   t h e   h e a d   i s   m o v i n g   to   t h e   r i g h t   in  t h e   p r i n t  

a r e a   and  t h a t   p r i n t i n g   has   b e e n   c o m p l e t e d .   At  10  c h a r a c t e r s  

p e r   i n c h ,   t h e   c h a r a c t e r   c o u n t   i s   even   w h i c h   makes   t he   t i m i n g  

t h e   same  f o r   b o t h   10  and  15  c h a r a c t e r s   p e r   i n c h .   The  p r i n t  

e m i t t e r s   a r e   r e a d   and  s a v e d   and  a  T u r n a r o u n d   Okay  f l a g   i s  

t u r n e d   o f f   (30A.  F i g .   7 0 ) .   T h i s   i s   a  f l a g   t h a t   i n d i c a t e s  

when  t h e   p r i n t e r   i s   a b l e   to  s t o p   t h e   h e a d   and  t u r n   a r o u n d  

g o i n g   b a c k   in  t h e   o p p o s i t e   d i r e c t i o n .   The  Wire   P o s i t i o n  

c o u n t e r   i s   d e c r e m e n t e d   and  t h e   E m i t t e r   c o u n t e r   i n c r e m e n t e d  

s i n c e   t h e   h e a d   i s   s t i l l   a s s u m e d   to   be  m o v i n g   to  t h e   r i g h t .  

The  c h a r a c t e r   and  e m i t t e r   c o u n t s   a r e   m a i n t a i n e d   j u s t   as  i f  

p r i n t i n g   w e r e   t a k i n g   p l a c e   e v e n   t h o u g h   t h e r e   i s   no  l o n g e r  

any  f i r i n g   of  t h e   p r i n t   w i r e s .   A  c h e c k   i s   made  to   see   i f  

t h e   D e n s i t y   C h a n g e   f l a g   i s   on  w h i c h   means   t h a t   t h e   p r i n t  

d e n s i t y   has   b e e n   c h a n g e d   f rom  10  c h a r a c t e r s   p e r   i n c h   to  15  

c h a r a c t e r s   p e r   i n c h   or  v i c e   v e r s a   and ,   i f   so ,   t h e   h e a d   i s  

d r i v e n   to   t h e   m a r g i n   b e f o r e   a t t e m p t i n g   to   c h a n g e   t h e   p r i n t  

d e n s i t y .   I f   t h e   d e n s i t y   i s   n o t   c h a n g e d ,   a  t i m e r   i s   s e t   f o r  

625  m i c r o s e c o n d s   and  a  c h e c k   i s   made  of   t h e   Forms  S t a r t  

f l a g .   I f   i t   i s   on,   t h a t   i s ,   a  1,  t h e   Forms  S t a r t   f l a g   i s  

r e s e t .   I f   t h e   Forms  S t a r t   f l a g   i s   0,  a  c h e c k   i s   t h e n   m a d e  

of   t h e   T u r n a r o u n d   Okay  f l a g .   I f   i t   i s   0,  t h e   P r i n t   P e n d i n g  



f l a g   i s   c h e c k e d .   I f   t h e   P r i n t   P e n d i n g   f l a g   i s   on,  i t   i n -  

d i c a t e s   t h a t   a  P r i n t   command  f o r   t he   f o l l o w i n g   l i n e   of  p r i n t  

has   a l r e a d y   b e e n   r e c e i v e d .   I f   i t   i s   no t   on,   t h e   P r i n t   c o m -  
mand  f l a g   is   c h e c k e d   w h i c h   a g a i n   i n d i c a t e s   t h a t   a  P r i n t  

command  has   been   r e c e i v e d   b u t   i t   has  b e e n   r e c e i v e d   a f t e r   t h e  

p r e v i o u s   p r i n t   was  f i n i s h e d .   In  c a s e   b o t h   of  t h e s e   d e c i s i o n  

p o i n t s   a r e   z e r o   an  a t t e m p t   i s   made  to  a c q u i r e   t he   n e x t  

s u c c e e d i n g   command  f rom  t he   C o m m u n i c a t i o n s   m i c r o p r o c e s s o r .  

I f   t h e   P r i n t   P e n d i n g   f l a g   i s   on,  t h a t   i s ,   i s   a  1,  i t   i n d i -  

c a t e s   t h a t   a t   t h i s   t i m e   t h e   head   i s   f a r   e n o u g h   r i g h t   t o  

b e g i n   p r i n t i n g   t h e   f o l l o w i n g   c y c l e .   S i n c e   d u r i n g   the   p r e v i o u s  

p r i n t   l i n e   c y c l e   t h e   n e x t   s u c c e e d i n g   P r i n t   command  is   r e -  

c e i v e d ,   an  a d j u s t m e n t   can  be  made  to  t he   l e n g t h   of  t h e  

c u r r e n t   p r i n t   l i n e   c y c l e   to  make  s u r e   i t   is   a l w a y s   f a r  

e n o u g h   to  t h e   r i g h t   to  t u r n   a r o u n d   and  s t a r t   t he   n e x t   l i n e  

to  t h e   l e f t .   I f   P r i n t   command  is   on  t h e n ,   t he   m i c r o p r o -  

c e s s o r   d o e s   n o t   know  y e t   i f   t h e   head   is   f a r   e n o u g h   to  t h e  

r i g h t .   I f   t h e   p r i n t   head   is  f a r   enough   to   t h e   r i g h t   i t  

s t a r t s   g o i n g   back   in  t h e   o p p o s i t e   d i r e c t i o n ,   t h a t   i s ,   to   t h e  

l e f t  t o   p r i n t   t he   n e x t   s u c c e e d i n g   p r i n t   l i n e .   I f   P r i n t  

P e n d i n g   i s   on  or  i f   t he   head   i s   f a r   e n o u g h   to  t he   r i g h t   t h e n  

t h e y   b o t h   j o i n   to  t u r n   t he   T u r n a r o u n d   Okay  f l a g   on  i n d i c a t i n g  

t h a t   t he   h e a d   a t   t h i s   p o i n t   is  f a r   e n o u g h   to  t he   r i g h t   t o  

t u r n   a r o u n d   and  go  in  t he   o p p o s i t e   d i r e c t i o n   a  c h e c k   is  m a d e  

of  t h e   t i m e r   (B.  F i g .   76 ) .   I f   t he   m a r g i n   e m i t t e r   i s   no t   o n ,  

a  c h e c k   i s   made  to  see   i f   t he   t i m e r   has  r e a c h e d   0.  I f   i t  

has   r e a c h e d   0,  an  e r r o r   has  been   d e t e c t e d .   I f   i t   has   n o t  

t i m e d   o u t   y e t   a  r e t u r n   is   made  to  A  back   a t   t h e   top   o f  

F i g .   71,  o p e r a t i o n s   c o n t i n u e   u n t i l   a  p r i n t   e m i t t e r   or  m a r g i n  

e m i t t e r   i s   d e t e c t e d .   I f   t h e   T u r n a r o u n d   Okay  f l a g   has  b e e n  

on,   t h a t   i s ,   a  1,  a  c h e c k   i s   made  to  see  i f   t he   t u r n a r o u n d  

e m i t t e r   c h a n g e d .   I f   i t   was  a  0  and  became  a  1  or  was  a  1 

and  b e c a m e   0,  t h i s   c h e c k   w i l l   i n d i c a t e   t h a t   c h a n g e .   I f   t h e  

r e s u l t   is   No,  t he   p r i n t   e m i t t e r   is  c h e c k e d   to  see   i f   i t   i s  

on  j u s t   as  t h o u g h   t he   T u r n a r o u n d   Okay  f l a g   had  been   o f f .   I f  

a  c h a n g e   of  t he   T u r n a r o u n d   e m i t t e r   has  o c c u r r e d ,   a  s i g n a l  

i s s u e d   to  s t o p   the   p r i n t   m o t o r ,   t u r n   on  t he   l e f t   m o t o r  

c o n t r o l   and  a  new  r i g h t   m a r g i n   e m i t t e r   c o u n t   is   c a l c u l a t e d .  



T h i s   r i g h t   m a r g i n   c o u n t   i s   moved  to   t h e   e m i t t e r   c o u n t e r  

a n d  t h e   o p e r a t i o n s   come  to  an  end  ( O . O A  -   F i g .   7 1 ) .  

W h i l e   a  p r e f e r r e d   e m b o d i m e n t   o f   t h e   i n v e n t i o n   has   b e e n  

i l l u s t r a t e d   and  d e s c r i b e d ,   i t   i s   to  be  u n d e r s t o o d   t h a t   t h e r e  

i s   no  i n t e n t i o n   to   l i m i t   t h e   i n v e n t i o n   to   t h e   p r e c i s e   c o n s -  

t r u c t i o n s   h e r e i n   d i s c l o s e d   and  t h e   r i g h t   i s   r e s e r v e d   to   a l l  

c h a n g e s   and  m o d i f i c a t i o n s   c o m i n g   w i t h i n   t h e   s c o p e   of  t h e  

i n v e n t i o n   as  d e f i n i t e d   in  t h e   a p p e n d e d   c l a i m s .  



O p e r a t i o n   C o d e s  

A  number   of  o p e r a t i o n   c o d e s   a r e   u t i l i z e d   by  t h e  

m i c r o p r o c e s s o r s .   T h e s e   a r e   l i s t e d   b e l o w .  

ALU  OP  CODES 

- -   MODE  VALUE  - -  

REG  TO  REG  0 

DAR  TO  DAR  1 

REG  TO  DAR  2 

DAR  TO  R E G  3  

MSK  TO  REG  4 

MSK  TO  DAR  5 

F u n c t i o n   OP  C o d e s  



C o n d i t i o n a l   B r a n c h e s  

U n c o n d i t i o n a l   B r a n c h e s  

S e l e c t   D a t a   A d d r e s s   R e g i s t e r s   (DAR's)   and  S t o r a a e   (STG) 



I n p u t / O u t p u t ,   L o a d / S t o r e   O p s  



E q u a t e s  -   C o n t r o l   M i c r o p r o c e s s o r  

The  f o l l o w i n g   e q u i v a l e n t   e x p r e s s i o n s ,   t h a t   i s ,  

" e q u a t e s " ,   a r e   u s e d   in   c o n n e c t i o n   w i t h   C o n t r o l  

m i c r o p r o c e s s o r   p r o g r a m   l i s t i n g s .   T h e s e   a r e   u s e d   b y  

an  A s s e m b l e r   to   f i l l   in   a  n u m b e r   f o r   t h e   E n g l i s h - t y p e  

e x p r e s s i o n s .  



E c u a t e s  -   C o n t r o l   M i c r o p r o c e s s o r   ( C o n t i n u e d )  



F a u a t e s  -   C o n t r o l   M i c r o p r o c e s s o r   ( C o n t i n u e d )  



E q u a t e s  -   C o n t r o l   M i c r o p r o c e s s o r   ( C o n t i n u e d )  



L a b e l s  -   C o n t r o l   M i c r o p r o c e s s o r  

The  f o l l o w i n g   l a b e l s   a r e   u s e d   by  t h e   C o n t r o l  

m i c r o p r o c e s s o r .   T h e s e   s e r v e ,   f o r   e x a m p l e ,   as  p o i n t e r s  

f o r   a d d r e s s i n g   or   f o r   b r a n c h i n g   p u r p o s e s .  



L a b e l s  -   C o n t i n u e d  

RG160 

RG165  

RG170 

RG20 

RG30 

RG40 

RG50 

RG60 

RG70 

RG80 

RG90 

RTMRG 

RTMR1 

RTMR2 

RTMR3 

RTMR4 

RTMR5 

RTN 

SSTRT 

TIME1 

TURN 

XAO 

XEF 

XFO 

X9F 



P r o q r a m   L i s t i n g s  

P r o g r a m   l i s t i n g s   t h a t   r e l a t e   to  t h e   f l o w c h a r t s  a n d  

o p e r a t i o n s   d e s c r i b e d   h e r e i n   a r e   p r e s e n t e d   b e l o w .  

The  R o u t i n e   Reads   The  Command  And  Da ta   L a t c h e s ,  

A n a l y z e s   The  C o n t e n t s   And  S e t s   The  P r o p e r   F l a g s   T o  

P e r f o r m   The  O p e r a t i o n .  



The  R o u t i n e   Reads   The  Command  And  Da ta   L a t c h e s ,  

A n a l y z e s   The  C o n t e n t s   And  S e t s   The  P r o p e r   F l a g s   T o  

P e r f o r m   The  O p e r a t i o n   ( C o n t i n u e d )  



T h e  R o u t i n e   Reads   The  Command  And  Data   L a t c h e s ,  

A n a l y z e s   The  C o n t e n t s   And  S e t s   The  P r o p e r   F l a g s   T o  

P e r f o r m   The  O p e r a t i o n   ( C o n t i n u e d )  



The  R o u t i n e   Reads   The  Command  And  Data   L a t c h e s ,  

A n a l y z e s   The  C o n t e n t s   And  S e t s   The  P r o p e r   F l a q s   T o  

P e r f o r m   The  O p e r a t i o n   ( C o n t i n u e d )  



The  R o u t i n e   Reads   The  Command  And  Da t a   L a t c h e s ,  

A n a l y z e s   The  C o n t e n t s   And  S e t s   The  P r o p e r   F l a q s   T o  

P e r f o r m   The  O p e r a t i o n   ( C o n t i n u e d )  



The  R o u t i n e   Reads  The  Command  And  Data  L a t c h e s ,  

A n a l y z e s   The  C o n t e n t s   And  S e t s   The  P r o p e r   F l a a s   To 

P e r f o r m   The  O p e r a t i o n   ( C o n t i n u e d )  



T h e  R o u t i n e   Reads   The  Command  And  Da ta   L a t c h e s ,  

A n a l y z e s   The  C o n t e n t s   And  S e t s   The  P r o p e r   F l a g s   T o  

P e r f o r m   The  O p e r a t i o n   ( C o n t i n u e d )  



T h e  R o u t i n e  R e a d s   The  Command  And  Data   L a t c h e s ,  

A n a l y z e s   The  C o n t e n t s   And  S e t s   The  P r o p e r   F l a g s   To  

P e r f o r m   The  O p e r a t i o n   ( C o n t i n u e d )  



The  E o u r a n e   Reads   The  Command  And  Data  L a t c h e s ,  

A n a l y z e s   The  C o n t e n t s   And  S e t s   The  P r o p e r   F l a q s   To  

P e r f c r s   The  O p e r a t i o n   ( C o n t i n u e d )  



The  R o u t i n e   Reads   The  Command  And  Data   L a t c h e s ,  

A n a l y z e s   The  C o n t e n t s   And  S e t s   The  P r o p e r   F l a q s   To 

P e r f o r m   The  O p e r a t i o n   ( C o n t i n u e d )  



R i g h t   M a r g i n   R o u t i n e  

T h i s   r o u t i n e   is   e n t e r e d   w h e n e v e r   i t   is   n e c e s s a r y  

to  d e t e r m i n e   w h e r e   r i g h t   m a r g i n   i s .  



R i g h t  M a r q i n   R o u t i n e   ( C o n t ' d )  



R i c h t   M a r g i n   R o u t i n e   ( C o n t ' d . )  



R i g h t   M a r g i n   R o u t i n e   ( C o n t ' d . )  

H e a d  M o v i n g  R i g h t  I n   P r i n t   A r e a ;   P r i n t i n g   C o m p l e t e  

T h i s   r o u t i n e   is  e n t e r e d   when  p r i n t i n g   is  c o m p l e t e  

and  the   p r i n t   h e a d s   were   m o v i n g   to  the   r i q h t .  

Get  and  Save  t he   P r i n t   E m i t t e r s  



I n c r e m e n t   t he   E m i t t e r   C o u n t e r s  

A d j u s t   t h e   P o s i t i o n  



Set   the   T i m e r   For   625  M i c r o   S e c o n d s  



Is  Head  Fa r   Enouch   R i g h t   To  Turn   A r o u n d ?  



Go  S e e  I f   T h e r e   Is  A n o t h e r   Command  And  D e n s i t y   C h a n q e  

U p d a t e   T imer   For   10  Or  15  C P I  



C h e c k  I f   T h e r e   Is  Enough   Time  To  Run  F o r m s  



Check  I f   T h e r e   Is  Enough  Time  To  Run  Forms  ( C o n t ' d . )  



Head  At  R i g h t   M a r g i n ,   S e t   C h a r a c t e r  C o u n t   To  Max 



Set   H e a d  S t e r p e d   At  T u r n a r o u n d   F l a g  

M o t e r   C o n t r o l s   ( S t o p p i n g )  



Move  M a r g i n   C o u n t   To  E m i t t e r   C o u n t  



M o v e  M a r g i n   C o u n t   To  E m i t t e r   Coun t   ( C o n t ' d . )  



1.  P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   f o r   a  p r i n t e r ,   p r o v i d e d  
w i t h   f o r m s   a s s e m b l y   means   f o r   m o v i n g   a  form  f o r   p r i n -  

t i n g   a t   a  p r i n t   l i n e ,   a  w i r e   m a t r i x   p r i n t   a s s e m b l y  

i n c o r p o r a t i n g   p r i n t   w i r e s   and  p r i n t   w i r e   a c t u a t o r s  

a r r a n g e d   in   p r i n t   h e a d s   s p a c e d   a t   r e g u l a r   p r e d e t e r m i n e d  

i n t e r v a l s ,   s a i d   p r i n t   a s s e m b l y   b e i n g   m o u n t e d   f o r   r e c i -  

p r o c a l   p r i n t i n g   m o v e m e n t   a l o n g   s a i d   p r i n t   l i n e ,   a n d  

w i r e   i m a g e   means   f o r   p r o v i d i n g   s i g n a l s   on  a  s e l e c t i v e  

b a s i s   to  a c t i v a t e   s a i d   p r i n t  w i r e   a c t u a t o r s   to   p r o d u c e  

c h a r a c t e r s   by  means   of   d o t s   on  s a i d   f o r m s   d u r i n g   p r i n -  

t i n g . o p e r a t i o n s ,   s a i d   s i g n a l s   b e i n g   s u p p l i e d   to  s a i d  

p r i n t   a s s e m b l y   as  i t   moves   a l o n g   s a i d   p r i n t   l i n e .  

T h i s   l i n e   t u r n a r o u n d   d e v i c e   i s   c h a r a c t e r i z e d   in  t h a t   i t  

c o m p r i s e s  :  

t u r n a r o u n d   i n p u t   means   (232 ,   210)  f o r   p r o d u c i n g   s i g n a l s  

i n d i c a t i v e   of  t h e   n u m b e r   of  p r i n t   h e a d s   in  s a i d   p r i n t  

. . a s s e m b l y ,   t h e   c h a r a c t e r   d e n s i t y ,   t h e   p r i n t   head   s p a -  

c i n g ,   a n d  t h e   s t a r t i n g   p o i n t   of   t h e   l a s t   p r i n t   h e a d   i n  

s a i d   p r i n t   a s s e m b l y ;  

m a r g i n   means   (211)  r e s p o n s i v e   to  s i g n a l s   form  s a i d  

t u r n a r o u n d  i n p u t   means   f o r   p r o d u c i n g   s i g n a l s   i n d i c a t i v e  

of   s e l e c t e d   s t o p p i n g   and  t u r n a r o u n d   i n p u t   means   f o r  

_ p r o d u c i n g   s i g n a l s   i n d i c a t i v e   of  s e l e c t e d   s t o p p i n g   a n d  

t u r n a r o u n d   p o i n t s   f o r   s a i d   p r i n t   a s s e m b l y   in   i n d i v i d u a l  

l i n e s   to  be  p r i n t e d ;  

m e a n s   r e s p o n s i v e   (234 ,   235)  to  P r i n t   Commands  to   m o v e  

s a i d   p r i n t   a s s e m b l y   a l o n g   s a i d   p r i n t   l i n e   in  o r d e r   t o  

p r i n t   c h a r a c t e r s   in  i n d i v i d u a l   l i n e s   of  p r i n t i n g ;  

e m i t t e r   means   (236)  o p e r a b l e   d u r i n g   m o v e m e n t   of  s a i d  

p r i n t   head   a s s e m b l y   a l o n g   s a i d   p r i n t   l i n e   to  p r o v i d e  

s i g n a l s   i n d i c a t i v e   of  t h e   p o s i t i o n a l   l o c a t i o n   of  s a i d  



p r i n t   a s s e m b l y   and  f o r   d e f i n i n g   s u c c e s s i v e   s t o p p i n g   a n d  

t u r n a r o u n d   p o i n t s   in  a  l i n e   of  p r i n t i n g   in  s a i d   p r i n t e r  
u n i t   d u r i n g   p r i n t i n g   o p e r a t i o n s ; a n d  

t u r n a r o u n d   c o n t r o l   means   (232,   210,  234,   235)  r e s p o n -  
s i v e   to  s i g n a l s   form  s a i d   m a r g i n   means  and  s a i d   e m i t t e r  

means   to  c o n t r o l   s t o p p i n g   and  t u r n a r o u n d   of  s a i d   p r i n t  

a s s e m b l y .  

2.  P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   a c c o r d i n g   to   c l a i m   1 

c h a r a c t e r i z e d   in  t h a t   t he   e m i t t e r   means  a r e   s t r u c t u r e d  

to   p r o v i d e   do t   m a t r i x   l o c a t i o n   e m i t t e r s   (71A,  7 2 ) ,  

t u r n a r o u n d   e m i t t e r s   (71B,  7 2 ) ,   m a r g i n   e m i t t e r s   ( 7 1 C ,  

7 2 ) ,   and  o t h e r   e m i t t e r s ,   t he   p h y s i c a l   d i m e n s i o n s   o f  

s a i d   e m i t t e r   means   b e i n g   of  d i f f e r e n t   l e n g t h s   d e p e n d e n t  

upon  t he   p h y s i c a l   head   s p a c i n g   of  t he   p r i n t   h e a d s ,  

l o n g e r   e m i t t e r   means   b e i n g   u s e d   f o r   f e w e r   p r i n t   h e a d s  

and  c o n v e r s e l y .  

3.  P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   a c c o r d i n g   to  c l a i m   2 

c h a r a c t e r i z e d   in  t h a t   t he   t u r n a r o u n d   e m i t t e r s   (71B,  7 2 )  

c o m p r i s e   t u r n a r o u n d   e m i t t e r   a r e a s   s p a c e d   a t   d i s t a n c e s  

t h a t   a r e   c o r r e l a t e d   w i t h   t he   s p a c i n g   of  t he   c h a r a c t e r s  

in  i n d i v i d u a l   p r i n t   l i n e s .  

4.  P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   a c c o r d i n g   to  c l a i m   1,  2 

or  3  c h a r a c t e r i z e d   in   t h a t   p r i n t   a s s e m b l y   has  p r i n t  

w i r e s   a r r a n g e d   in  g r o u p s   (77)  of  two,   f o u r ,   s i x ,   o r  

e i g h t   p r i n t   h e a d s   a r r a n g e d   in  p a r a l l e l   f rom  l e f t   t o  

r i g h t   r e l a t i v e   to  t h e   p r i n t   l i n e s ,   each   p r i n t   h e a d  

c o m p r i s i n g   e i g h t   p r i n t   w i r e s   ( 3 3 ) .  

5.  P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   a c c o r d i n g   to  c l a i m   4 

c h a r a c t e r i z e d   in  t h a t   t he   p r i n t   w i r e s   (33)  a re   s p a c e d  

two  c h a r a c t e r   l o c a t i o n s   a p a r t   and  w h e r e i n   s a i d   t u r n a r o u n d  

a r e a s   (71B)  a r e   a l s o   s p a c e d   two  c h a r a c t e r   l o c a t i o n s  

a p a r t   a t   10  c h a r a c t e r s   pe r   i n c h ,   t h r e e   c h a r a c t e r   l o c a -  



t i o n s   a p a r t   a t   15  c h a r a c t e r s   p e r   i n c h .  

6.  P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   a c c o r d i n g   to   any  of  t h e  

p r e c e d i n g   c l a i m s   c h a r a c t e r i z e d   in  t h a t   t h e   l i n e   t u r n -  

a r o u n d   means   (215;   210 ,   232 ,   234 ,   235)  p r o c e s s e s   f a c -  

t o r s   and  makes   t u r n a r o u n d   d e c i s i o n s   w i t h   r e s p e c t   to   a  

r i g h t   m a r g i n   a r e a   o n l y .  

7.  P a r t i a l   l i n e   t u r n a r o u n d  d e v i c e   a c c o r d i n g   to   c l a i m   6 

c h a r a c t e r i z e d   in   t h a t   t h e   r i g h t   m a r g i n   a r e a   i s   d e f i n e d  

f o r   e a c h   p r i n t   l i n e   as  i t   i s   r e c e i v e d   and  i n d e p e n d e n t l y  

of  t h e   o t h e r ' p r i n t   l i n e s   p r e c e d i n g   or  s u c c e e d i n g   i t .  

8.  P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   a c c o r d i n g   to  any  of  t h e  

- p r e c e d i n g   c l a i m s   c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s   a  

m i c r o p r o c e s s o r   (210)  a s s o c i a t e d   w i t h   s a i d   p r i n t e r   u n i t ,  

s a i d   m i c r o p r o c e s s o r   p e r f o r m i n g   c a l c u l a t i o n s   u t i l i z i n g  

t h e   l i n e   t u r n a r o u n d   f a c t o r s   p r o d u c t   by  t h e   t u r n a r o u n d  

i n p u t   means   and  t h e   e m i t t e r   means   to  d e t e r m i n e d   o p t i m u m  

l i n e   t u r n a r o u n d   and  m o n i t o r i n g   m o v e m e n t   of  t he   p r i n t  

a s s e m b l y   in  o r d e r   to  d e t e r m i n e   t h e   p o i n t s - o f   t u r n a r o u n d  

r e q u i r e d   d u r i n g   p r i n t i n g   of  i n d i v i d u a l   p r i n t   l i n e s .  

9 .  - P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   a c c o r d i n g   to   c l a i m   8 

c h a r a c t e r i z e d   in  t h a t  :  

t h e   m i c r o p r o c e s s o r   (210)  c o n d u c t s   a  r i g h t   m a r g i n   c a l -  

c u l a t i o n   f o r   e a c h   l i n e   of  c h a r a c t e r s   p r i n t e d   d u r i n g  

p r i n t i n g   o p e r a t i o n s ,   a n d  

s t o r e s   c o u n t s   r e p r e s e n t a t i v e   of   o p t i m u m   l i n e   t u r n a r o u n d  

f a c t o r s .  

10.  P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   a c c o r d i n g   to   any  of  t h e  

p r e c e d i n g   c l a i m s   c h a r a c t e r i z e d   in  t h a t   i t   f u r t h e r  

c o m p r i s e s  :  



means   (210 ,   234 ,   235)  f o r   m o v i n g   s a i d   p r i n t   a s s e m b l y   a t  

a  s l o w e r   r a t e   f o r   c h a r a c t e r   p r i n t i n g   of  g r e a t e r   d e n s i t y  

s u c h   as  15  c h a r a c t e r s   p e r   i n c h   and  a t   a  r e l a t i v e l y  

f a s t e r   r a t e   f o r   c h a r a c t e r s   of  l e s s   d e n s i t y ,   such   as  10 

c h a r a c t e r s   p e r   i n c h .  

11.  P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   a c c o r d i n g   to  any  of  t h e  

p r e c e d i n g   c l a i m s   c h a r a c t e r i z e d   in  t h a t :  

a  h o s t   d a t a   p r o c e s s i n g   s y s t e m   ( 1 ) ,   p r o v i d e s   b o t h   c o n -  

t r o l   and  d a t a   s i g n a l s   to  s a i d   p r i n t e r   f o r   use   d u r i n g  

p r i n t i n g   o p e r a t i o n s .  

12.  P a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   f o r   a  p r i n t e r ,   p r o v i d e d  

w i t h   a  p r i n t e r   u n i t   i n c o r p o r a t i n g   f o r m s   a s s e m b l y   m e a n s  

f o r   m o v i n g   a  fo rm  f o r   p r i n t i n g   a t   a  p r i n t   l i n e ,   a  w i r e  

m a t r i x   p r i n t   a s s e m b l y   i n c o r p o r a t i n g   p r i n t   w i r e s   a n d  

p r i n t   w i r e   a c t u a t o r s   a r r a n g e d   in  p r i n t   h e a d s   s p a c e d   a t  

r e g u l a r   p r e d e t e r m i n e d   i n t e r v a l s ,   s a i d   p r i n t   a s s e m b l y  

b e i n g   m o u n t e d   f o r   r e c i p r o c a l   p r i n t i n g   movemen t   a l o n g  

s a i d   p r i n t   l i n e   and  w i r e   image   means   f o r   p r o v i d i n g  

s i g n a l s   on  a  s e l e c t i v e   b a s i s   to  s a i d   p r i n t e r   u n i t   t o  

a c t i v a t e   s a i d   p r i n t   w i r e   a c t u a t o r s   to  p r o d u c e   c h a r a c -  

t e r s   by  means   of  d o t s   on  s a i d   fo rms   d u r i n g   p r i n t i n g  

o p e r a t i o n s ,   s a i d   s i g n a l s   b e i n g   s u p p l i e d   to  s a i d   p r i n t  

a s s e m b l y   as  i t   moves  a l o n g   s a i d   p r i n t   l i n e ,  

T h i s - p a r t i a l   l i n e   t u r n a r o u n d   d e v i c e   is   c h a r a c t e r i z e d   i n  

t h a t   i t   c o m p r i s e s  :  

t u r n a r o u n d   i n p u t   means   (232 ,   210)  f o r   p r o d u c i n g   s i g n a l s  

i n d i c a t i v e   of  t he   number   of  p r i n t   h e a d s   in  s a i d   p r i n t  

a s s e m b l y ,   t h e   c h a r a c t e r   d e n s i t y ,   t h e   p r i n t   h e a d   s p a -  

c i n g ,   and  t he   s t a r t i n g   p o i n t   of  t h e   l a s t   p r i n t   head   i n  

s a i d   p r i n t   a s s e m b l y ;  

m a r g i n   means   (211)  r e s p o n s i v e   to  s i g n a l s   f rom  s a i d  



t u r n a r o u n d   i n p u t   means   f o r   p r o d u c i n g   s i g n a l s   i n d i c a t i v e  

of   s e l e c t e d   s t o p p i n g   and  t u r n a r o u n d   p o i n t s   f o r   s a i d  

p r i n t   a s s e m b l y   in   i n d i v i d u a l   l i n e s   to   be  p r i n t e d ;   s a i d  

i n d i v i d u a l   l i n e s   of   p r i n t i n g   b e i n g   c a t e g o r i z e d   i n t o   a  

p l u r a l i t y   of  d e f i n e d   l i n e   l e n g t h s   and  s a i d   t u r n a r o u n d  

c o n t r o l   means   b e i n g   o p e r a b l e   in   a c c o r d a n c e   w i t h   t h e  

f o l l o w i n g   d e f i n i t i o n s  :  

(1)  D e f i n i t i o n   of   l e s s   t h a n   n o m i n a l   l i n e   and  i t s   STOP 

f o r m u l a :  

(2)  D e f i n i t i o n   of   n o m i n a l   l i n e   l e n g t h   and  i t s   STOP 

f o r m u l a :  

(3)  E x t e n d e d   l i n e   p r i n t i n g   i s   a n y t h i n g   n o t   c o v e r e d   b y  
1  or  2  b u t   d o e s   have   i t s   own  STOP  f o r m u l a :  

w h e r e i n   CHCT  =  C h a r a c t e r   C o u n t ,  

HDSP  =  Head  S p a c i n g ,  

C P I  =  C h a r a c t e r s   p e r   i n c h ,  

K  =  C o n s t a n t   r e p r e s e n t i n g   t h e  

d i s t a n c e   b e t w e e n   p r i n t   w i r e s   a t  

e x t r e m i t i e s   of   e a c h   p r i n t   h e a d ,   a n d  

STOP  =  t h e   p r i n t   p o s i t i o n   t h e   l a s t  

p r i n t   h e a d   m u s t   p r i n t   to  c o m p l e t e   a  

g i v e n   c h a r a c t e r   c o u n t ;  



means   (234 ,   235)  r e s p o n s i v e   to  P r i n t   Commands  to   m o v e  

s a i d   p r i n t   a s s e m b l y   a l o n g   s a i d   p r i n t   l i n e   in  o r d e r   t o  

p r i n t   c h a r a c t e r s   in   i n d i v i d u a l   l i n e s   of  p r i n t i n g ;  

e m i t t e r   means   (236)  o p e r a b l e   d u r i n g   m o v e m e n t   of  s a i d  

p r i n t   h e a d   a s s e m b l y   a l o n g   s a i d   p r i n t   l i n e   to   p r o v i d e  

s i g n a l s   i n d i c a t i v e   of  t he   p o s i t i o n a l   l o c a t i o n   of  s a i d  

p r i n t   a s s e m b l y   and  f o r   d e f i n i n g   s u c c e s s i v e   s t o p p i n g   a n d  

t u r n a r o u n d   p o i n t s   in  a  l i n e   of  p r i n t i n g   in  s a i d   p r i n t e r  

u n i t   d u r i n g   p r i n t i n g   o p e r a t i o n s ;  

a n d  

t u r n a r o u n d   c o n t r o l   means   (232,   210,   234,   235)  r e s p o n -  

s i v e   to  s i g n a l s   f rom  s a i d   m a r g i n   means   and  s a i d   e m i t t e r  

means   to  c o n t r o l   s t o p p i n g   and  t u r n a r o u n d   of  s a i d   p r i n t  

a s s e m b l y .  
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